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Preface

~

In response to a request from the Chairman of the
Systems Checkout Working Group, this report has been
revised to include more detailed descriptions of the
Contractor's proposed methods of bench testing stage
and GSE assemblies., These date are contained in
Appendices D through G.



TABLE OF CONTEHTS

Paragraph

PRE‘ACEgeeameeeaaaoeoo@eemeeea&@ogfew&caoaeeeeoeasaeee‘s@aaee

IRTRODUCTION . oo ccccsosscssscncasssooassnsesunsnscascnssanss
GENERAL PHILOSOPHY:.ccseosecesssccvcioosssessonsonsnssansssss
PRESERT TEST EQUIPMENT METHODS....osscc0css0s00ssc0ssanssas
DESCRIPTIOR OF AVAILABLE AUTOMATIC TEST EQUIPEEHT,G.QQ.sGQe

ADVARTAGES AND DISADVANTAGES OF AUTCMATIC TESTING...ss0ssse

SUITABILITY OF TESTABLE ITEMS FOR AUTOMATIC CHECKOUT ...ccss
INTERFACE REQUIREMENTS. .o ccccsscessossccssccosasscscssnooas
COST CONSIDERATIONS..cc00sesccccsscesososoosssoosnssovosacss
SCHEDULE CONSIDERATIONS....ecevessccccsscssessscacssoscssas
CORCLUSIONS ¢ s cseevvonsssecessasscsnssccsssaoanssocssssacans
RECOMMENDATIONS . o soacesoscncosscccnsscscssscasascasosnssos

APPENDIX A - DESCRIPTION OF EACH OF THE PRESENT
COMPONENT TEST SETS

“

1. DSV-IVB-102 - Test Set Telemetry Component,
PAM/FM/TM. couveornssncssscossssnsscnas
2. DSV-IVB-103 ~ Test Set, Telemetry Component,
3. DSV-IVB 104 - Printed Circuit Board Test Set..ccseoce
Lk, DSY-IVB-109 - Sequencer Test Seb.ccecsssccoscosossss
5. DSV-IVB-110 - Test Set; Electrical Component,
Power Sysﬁamoassgeeeagggeaea@eeegegqea
6. DSV-I¥B-112 - Test Set, Propellant Utilization......
T. DSV-IVB-113 - Destruct/Receiver Controller
Component Tast Setescsccsssscsssvssons
8. DSV-IVB-1lk - EBYW Firing Unit Component Test Set....
9. DSV-IVB-1l5 - Test Set, Telemetry Component,
PCM/FM. . ccrnnssooasnccocsscosansvncoss
10. DSV-IVB-252 - FM Trensmitter Test Set..voccvsassscns

Page

13
21
23
2l
25

29
32
37

39
43

bt
55

(oA B VI S

#




E

APPPREDIN B - DESCRIPTIOE OF EACH OF THE ELECTRICAL ITEMS TO

BE TESTED

?bltage Controlled Subcarrier 08cillalors scssccecsvsse
Slow Speed HMultiplexer Unil ccceeccvecccscsscsocssnccas
Central Calibration AB8emdlY ..ccssscoscsscevsnncocsnns
Central Calibrstion Commend Decoder AsseEbly czececsvnsa
Central Calibration Commend Channel Decoder Assembly ..
Single Sideband ~ FM Translstor Assembly c.ccocvsvccses
Inverter /COnverter .covescccoccsoscocccsocsnssassncsoss
Propellant Utilization Electronice Asgesbly ecscsvsvscss
PCM/DDA ASSBEEDLY «cccooascscccsscssoasassscsscssassssss
FM Transmitter ce.cccocsssescssesssssssssasessssscscssne
Comnand Destruct Receiver gnd EBW Destruct ‘System

Controller .as,.,saaauef“,gu””“.u”.“”n““ew“
EBW FATING ULt vevecneeccsnncesnsssasnnssceisssssconns

Se@l@ﬁcer Aﬁsembly B EEEBREATLLEBIPPEBEREDBNBOVBERODOED

APPEHDIX C -~ DESCRIPTIOF OF EACH OF THE AVAILABLE AUTOMATIC

1.
2.

3.
L,

59
6.

Te

8.

TEST EQUIPMENTS

Hortronics SP"% PRBOLEIIROIVNIDIOCIOCOLGEBIEEYHIPDDOHBERERDD

The CTI Hodel 235’ Automatic Tester BROAAIICLBERTBIOBE W
DIT-MCO Model ’610A and TQOA 869 B PR E5800VE00EPELEOBES
Hughes Aircraft Cowpany, HCHM 111A Versital Avtomstic

Tester LEEE B EERENEEENNEERNENEENNEREENRERE R ENREENINXNEEEIXENENXNN]

AK/&‘Q“g PR2H 69 PR OL 2RI ERIIIIDY PRI GEBIRBROENIBIEDLE S ER

General Electric and Martin Marietts Module Tester sc..
The Dymec Division of Hewlett-Packsrd Automatic

Systems S RN Ny S L R TRy

Adrcraft m&amﬁnts, INCG, ssesscsccscssscocssssccoosassa

APFEFDIX D - LISTING AND DESCRIPTIOF OF STAGE MECHANWICAL AND

1.
2.

PHEUMATIC COMPORENTS

Hechanical gnd Poeumsatic Components List ...ce066s008se
Description and Test Requirements c.ccsscscevssssccsnca

Page

5T
57
57
58
59

63

AR

333

KA

8

107
108



Page
APPEHDIX E - LISTIHG A¥D DESCRIPTIOH OF THE STAGE EYDRAULIC
SYSTEM COMPOEERTS

1. ﬁyﬁx’aﬁlie Subassenblies List PR BRIV I LB DO PO NBEEE DR OB 115
2a Description znd Test Requirements c.vocccescsassccssss Lid

3. Auntomatic Bench Testing of Mechanical, Pmewmatic
gnd Ky@l‘amic ﬁ@mgmﬁtﬁ EEEPEREETBTOEREDIDOTIBBRANEE S 11?

1. List of St%& Aspenblies ..ssscccccssccsovsnsnssoscnne 118
ge Hast Pi‘oyeﬁsiom and IQC&tiom P RHVOIBBISVBPBBEOBORE BB m
3. Flow Rete8 secscssvccosssonsssossssascssssscnscsasessnse 130

APPEEDIX @ -~ LISTING OF ALL TIPE A AED B GSE FOR SATURH S-IVB

1. List of Typ@ A G5E aeoaae.s@@ggeaeeeeea@aee@oaae@o;ceeeo 1%
2. List of m@ BEOBE scovcccoscrnccssoceonsssssscecsonss 13%




1. IEIROUICTICH

In accordance with Satwrn S8-IVB Scope Change No. 1076, Change Order 4l, a
stedy bhas besn initisted to determine the feasibility of automating the
Componant Tezt Setes used in testing the Stage and 95K Assssblies.

1.1 Scope

This study will include the general philosophy of testing utilized in the
pressutly proposzed method of Benmch Functional Testing of the Stage and GSE
Assesbliee as well as the feasibility of a single equipment system to per-
fore these seme tasks. The report will concern itself primerily with the
sutometic test sets currently availsble, the degree of modification required
to scccmplish the task of the Component Test Sets, the smount of interface
nacegsary for esch Unit-Under-Test, cost and schedule eonsideratijons as well
28 & recommendeld gourse of sctiom. '

%

2. GEHERAL PHITOSOPHY

The philosophy of the test eguipment is dictated by the general rules relating
t0 the unsage for which the test equipment is imtended. The use of this equip-
mant will in general be in two locatlioms, the factory chackout ares and the
field stations. The level of test is basically the individual cosponent iso-
lated from the gystem of which it 1s s part.

2.1 TFactory Chesckout

The factory checkout ares will be used for the tesis vhich are reguired es

& part of the manufscturing routine. This type of testing, of course, does’
not precluds the fact thet the Unit-Under-Test may suffer from faulis such

a8 lmproper wiring, Taulty components, mizelignment, or insorrsct adjustments.
A second factory type requirement 1s for receiving inspestion of vendor items
coming into the local plant. The types of tests Lo be pevformsd here will
aszsume that ths item bss worked properly once and will mssely guarentee that




2.1 (Continued)

it still is functioning correctly. Generally, no adjustments sre made in
the unit because the vendor facility has msde all factory asdjustments.

2.2 Field Sites

At the field sites, 2 distinct types of testg are again performed. Just
prior to installetion in the vehicle, the unit will be tested to verify it

is still functioning and is in proper alignment. This type of test generally
requires only an end to end test with the proper cabling hookup. The second
type of test is an analysis of a failure by a replacement of a module or some
other smaller subassembly. ’

2.3 Level of Test

The level of test is at the component level, removed from the vehicle and
divorced entlrely from the larger system of which it is an integral part.
Thus we will be testing assemblies and subassemblies, il.e., calibratiom

and junction boxes, VCO's, multiplexers, translators, etc. In particular,
the analysis and study are based on sssemblies used on the Saturn S-IVB ‘Sta@m

3. PRESENT TEST BQUIPMENRT METHODS

-

The present methods of testing with the existing test sets, are completely
manual in operation and require high operator skill for proper execution.

3.1 Manusl Tesgt Set

The present ;tes‘t sets are completely manuzl. We define manusl checkout as
a group of basic instruments (VIVM's, oscilloscopes, wtc.,) manipulsted by
e human operator. Test sequencing, test probe applications; datas reading
and recording, anslyses of tesl results and detectiion of malfunctions are
performed by & man. The proper interpretation of complex waveforms, wide
ranges of voltags, current ané. frequency measurements are subject to humsn
judgment. The test sets apply proper operating stimuli to the Units-Under-
Test and monitor the outputs for proper responses. The lnstruments in the
test sets will be removed at gpecified intervals for calibration and com-

parison with ecalibration standards.
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3.2 Bugber of Tegt Sets

The varicus test sete are broksn down ipto groups depending upon iths
sesemblise wvhich they check out and are designated ms follows:

()

{v)

{e)

(a)
()
()
(&)
(n)
(1)
(3}

3.3 Suw

Hodsl DSV-4B-102
Model DSV-48-103
Model DSV-4B-10h
Hodel DSV-hB-109
Hodel DSV-48-110
Hodel DSV-4B.-112
Model DSY-48-113
Model DSVY-U4B-114
Hodel DSV-4B.-115
Model DSV-4B-252

PaM/FH/TH Telemetry Component Test Set
Single Sideband/FH Telemetry Component Test Set
Printed Circuit Cerd Test Set

Sequencer Component Test Set

Power System Electrical Component Test Setb
Propellsnt Utilization Test Set
Destruct/Recelver Comtroller Component Test Set
EBY Firing Unit Component Test Set

PCM/FM Telemetry Component Test Set

F¥ Trensmitter Test Set

ary of Reguirements for Test Seis

A dstailed list of requirements for the individual test sets I presented

in Appendix A.

below:
3.3.1

()
(»)
(e)
(4)
(e)
(£)
(8)
(n)

Stimuli

A summary of the reguirements for the test sels is listed

r4

AC power, 60 cps, 400 cps, 120V rms
Regulated DC voltage 0-5V, 28V, 100V, 250V
Sine wave generators 0-10 me

Sguare wave generators 0-1,200 cps

Pulse generstors 0-5 me

Rssp functioms 0-1,200 c¢ps

PaH Simulator

Random noise sources

3.3.2 Honitoring Tmetrusentetion

(a) Oszeilloscopss 0-40 me
(v) Bridges .OL%

(¢) Counters

500 =2

(d) Recorders 0-3,000 cps



3.3.2 {Continued)

(e) BC vive .05%

(£) aCc vrvH 1%

{g) Tumsble voltmetsr 500 XKC
(n) W¥ave snsiyzer 500 KC

3.4 Testable Items

- The Tollowing items =ust be tes‘t@é on the Component Test Sets:

VGO and Amplifier Assembly
Slov Speed Multiplexer
Cemtral Cslibration Assesbly
Central Calibration C nd Decoder
Central Callibration Ghanmel Decoder
DDAS Relay Assembly
Signal Couditioning Hetworks
88 Translator Assembly
Sequencer
Inverter/Converter
~ Propellant Utilization Electronics Assembly
Model 270 Multiplexer
Remote Sub-multiplexer
Digital Dats Aquisition Assembly
Transpitier Assembly
Amplifier Assembly
EBY Firing Unit
Range Safety and 60@@@& Destruct Receiver

L. DESCRIPTION (F AVATIABLE AUTCMATIC TEST EQUIFMER

The equipmant presently avallable on the market is in genersl restricted to
¢ and lovw frequency AC testing methods.



h,1 List of Availsble Equipsent

A desscription of each of the svallsble e@niyégﬂts listed below is avallsble
in Appendix B.

(a) Nortronics SP-84

(b) CFI Model 235

(c) DIT-MCO Model 6104

(4) Hughes Aircraft Company HCM-1114
(e) Bendix A¥/GJQO

(£) Dymec Division of Hewlett-Packard

4.2 General Comparison of Various Eguipments

For a comparison of the various equipments with regards to input-output
characteristics, see table 1.

5. ADVAKTAGES AND DISADVANTAGES OF AUTOMATIC TESTING

5.1 QGeneral

Each possible spplication of automatiﬁ‘checkout equipment must be carefully
evaluated. There is no clear cut case for or against its use in the gen-
ergl situstion.

S.1l.1 Definition

Automatic checkout eguipment is, in essgence, nothing more than s collection
of test instrussnts, designed to minimize the duties of the human operator.
machine ig given the task of selecting tests, recording resulis, collesci-

ing anf enslysing data, snd furnishing declsions based on test resulis.

5.1.2 Adventages

The primary sdventage of sutomstic checkout equipment is that 1t can perform

mors Tapidly, with grester precision and repeatsbility than a human: A
rmanent record ls ususlly produced, apd fewer lesgegiillsd personnel are

required for operation {less-skilled does not imply imedequately trained!).
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5.1.2 {Gontinued)

L)

Thers san be no short cute or omissions in tée tests being performed since
the test program iz not directly under the control of a humen operstor.

k]

5.1.3 bages

Automatic test equipment invarisbly implies higher inj:tial cogt and lomger
development time. It also afids complexity to a system and the complexity
lsads to lengthy dows time. With one large automatic test system, only
one particular component can be tegted at any one time and if the Unit-
Under-Test 1s malfunctioning, the entire test set is tied up until the
trouble is cleared.

6. SUTITABILITY OF TESTABLE ITEMS FOR AUTOMATIC CHECKOUP

6.1 Propellant Utilization Electronic Assembly

Ths Propellant Utilization Electronic Assembly is a very difficult

assembly to sdapt to sutomatic test and checkout. All of the input

stimull are anslog snd all of the outputs are analog. .The measurements
performed on the outputs ars reguired to be .05% of indicated resding.

The input stimuli to the P.U. Xlestronics Assembly are relsted to capacitance
chsnges in the mass sensors (The capacitance probes that go ugm the 10p and
LE, tanks). OFf course this could be resolved to an eguivalent AC voltage for
an imput stimuli, or & digitally programmed capacitor could be procurred.

In view of the acouracy of sveilsble automatic test eguipment, it doss mot
sypear unressonable to automste the testing of the P.U..Electronic Assesbly.
The major problem would be in obtalning a digitally programmed capacitor to
simulate the input stimuli, "

The P.U. Electronice Assembly has adequste test points brought out to ihe
somnectors on the assembly so that scanning the outputs for mesasurement womld
not Be impracticel. Input stimull would be comtrolled digiially and the out-
puts converted to & binary quantity and compered to preset limits.




6.2 Power System Assembly

The power system test set is used for checking the stetie inmverter/semverter.
The lnputs and outputs of the somverter sre all AC and DU voltages. Is
sddition, several phese msssuvessntz have 1o Be mads. Several of the test
sete svailsble are e@g@l@ of accomplishing the desired rssultis.

6.3 Sequencer Assesbly <

The sequencer test set monitors the seguencing relays and checks the
seguencing time and level. Since the variocus fumctioms of the sequencer
are CH-OFF in nature, it would be & rather simple matter to sample the
levels and to check their status with any one of the vsrious automatic
tegt sets.

6.4 DDA Assembl

The DDA assembly in genersl accepts pules amplitude modulsted signals,

analog inputs, and discrete CE-OFF input information. Output consists

of pulse coded serial treins, basically a digital dats acquisition and

rrocessing system. This system lends itzelf to entomatic testing quite
readlly with such & test set as the Hughes Model HCM1I11A.

6.5 PAM/FM Assembly

The PAM/FM assembly consists of various signal copditioming networks,
voltage controlled oscillators, wide bemd amplifiers and mixers for
assembling the 15 channels of the sub-carrier. This sssesbly 1s not
difficult to setup for sutomatic testing snd could be checked out
satisfactorily by the Hughes Model EII11A or & combinstion of the

Byese eguipment.

6.6 Single Sideband/FM Assesbly

The Single Sideband/FM sssembly will be cne of the more difficult to
checkout with sutomated equipment. The Single Sideband/FM assembly
could only be tested end to end. All individual tests on component
cards are made by use of csrd extenders and the lack of availeble tegt-
pointe at cable connectors mekes sn sutomated checkout difficult.



6.7 Trensmltter Assembly

The transmitier assembly bes 1 laput and 1 cutput. The input stisnli is

an aaslog signal and the output is & ff@qa@néy whick is directly propor-
tional to the imput signal amplitude. The parsmeters thal we are required
t0 measure are analog guantities. The méaauremént of the output freguency
and output power into & load would enteil s difficult design problem for
the adsptor. However, the anslog guantities could be digitized and handled
in an automatic test system very easily. The tester would have to contain

some Internel arithmetic sbllity since some computation and s comparison
would have to be performed.

6.8 Signal Conditioning and DAS Relay Assembly

The signal eonéi%ioning units and DAS relsy assembly are checked-on the
PAM/FM test set. Since the signal conditioning amplifiers are apalog units,
they readily lend themselves to automated checkout equipment. An analog to
digital converter would be &ll that would be required for further processing.
The DAS reley assemblies are ON-OFF type switching circuits which can be
automatically checked with little conversion equipment.

6.9 Calibration Unit

The cealibration unit could be automated by using an analog to digital
converter at the output to encode the output into binery information for
calibretion. A portion of the output information of the calibration is
control level information snd would require minimum adaptor design for

automated checkout.

6.10 GSE Assembly

The GSE has self check cépability which will check all of the GSE to a group
of cards. The GSE self check includes several features. A check routine is
put on megnetic tape and fed into the computer. The computer communicates
with the various items vie the computer interface unit. These ilems includs
the safety item monitor, the stimuli conditiomer, the response conditioner,
the DDAS ground station, the system status display, the test operators
console, and the PAM System.



6.10 (Continued)

In addition, & single pulse mode of operation is provided to check all mal-
functions of the GSE end items. On the dynamic mode there is a direct line

to all "flip-flops." This allows maintenance without lockup of the logic
circuits. On the test operstor's console there are 2% switches thet are

used to simulate a computer message (simulates the computer I/0) and it
monitors the results on 24 lights. It can look'at the inputs and. acknowledge
the outputs. The output of the response conditioner is checked by the computer.
For trouble shooting, esch transmission line has a toggle switch to checkout
the computer interfece unit.

When the self check capability of the GSE has isolated the malfunction as
far'as possible, the group of suspected cards is tested on the Printed
Circuit Card Test Set, DSV-4B-10k. If the melfunction is such that it can-
not be locaelized to this level immedistely by the GSE itself, as might
occasionally happen, roll up standard laboratory test equipment will be
used to pin-point the trouble.

Since the GSE is essentislly already under automatic checkout to a level,
beyond which manual trouble shooting is required, no further discussion is

#
necessary .

6.11 EBW Firing Unit

The Exploding Bridge Wire (EBW) Firing Unit requires a signal to simulate
the action of 28 VDC. The output is a 2 microsecond pulse of extremely
high current amplitude, The adeptor would have to present the pulse as

a DC level to provide the information in s form acceptable to computer
control.,

6.12 Range Safety and Commend Destruct Recelver

The Range Safety Recelver requires an RF signal modulated with en audio
tone to actuste relays internal to the unit.. The RKF signal generator would
actﬁas an adaptor and conventional meesuring devices of digitel information

within any of the sutomatic test sets are satisfactory for measurement of
the output parameter.



T. IETERFACE REQUIREMEHNTS

7.1 Cepersl

The use of automatic test’eguipmﬁnt for component testing r&éuires that
aﬁ&ptoré be designed snd each adaptor will be peculiar to the sutomestic

test sat selected. The sdsptors represent & significent scope of work

and their requirements can best be shown through & ssmple evaluation

for & particular test set. In evalusting the various test sels, the

Hughes HCH-1114 appesrs to be the one test system mwost suited to our tasgk.
It will be used as the basis for discussing interface requirements. The
stage electrical/electronic components that require similar stimull and
response criteria will be lumped togéther for thése interface considerations.

T.2 Switching Assemblies

The first grouping is as follows:
() Seguencer Assembly
(b) P¥/DDAS Relay Assembly
(¢) Centrsl Calibration Assembly
(d) Central Calibration Command Decoder
(e) Central Calibration Channel Decoder
(f) Digital Data Aguisition Assembly (DDAA)

7.2.1 The inputs consist of & lerge number of discreies and low freqpency
AC or slowly verying DC sigoals. The outputs are either = serial pgise
trein, or & series of on-off type signals. For exasple the DDAA  inputs are
g minimum of 1,200 signals and the sequencer & minimum of 60 inputs. The
output lines to bs monitorsd on the sequencer would be a minimm of 125

. glgnals. The output lines of the DDAA would be 30 signals. These outputs
have 10 be monitored and measured.

T.2.2 The measurements that sre reguirsd fall imte b cstegories:

(a) Amplitade

(6) Time, repetitive rate or freguency
(¢} Resistence or impedance

(4) serial data train

12
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7.2.2 {Comtinned

The gerisl dats trailn coptelns syoochropissbion words thet must be recogais '
and sfter synchronizetiom resognition, ths dabe words muet be separabed oub
and evaluated for conformence 0 the lopul sigmal lsvel.

T-2.3 The adspior or interfase unit for the stage
would consist of the following:

components listed above

(&) An inmput scsmmer of 1,200 chann

(v} An output scanner of 125 &

{¢) 2n amalog to &igitsl converter cepsbls of 10 bit resolution snd a
somversics time of 108 micsro-gzesonds

(d) An Ohms to DC somvertsr

(e) An ssplitude diseriminator

() A frequenmcy diseriminstor

#

The input scanner would be used to &lstribute ths stimull %o the proper

input terminals of the Unii-Under-Test. The output scanmer would selest

the correct outputs for the test being performed. The A/D converter would

be used to convert any DC voltages or lavels into an equivalent binary

quantity for emtry inmto the dats processor. The Chms to DC comverter would

be used to convert the resistence and impedance measurements into an equivalent
DC voltege for further conversion to & binary quantity "fm: entry into the subto-
matic test set. The voltage or amplitude dizcriminator would be used to detect
the presence of an "OE" type signsl for the discrebes or switch closure type

slgnala. .

The frequency discriminstor would be used to sonvert the GOE V0O ocutput from
the DDA assembly to & DC level that would bes eguivelent to the serial pulse
train driving the VOO in the D4 assesmbly.

T-2.4 For the units listed above, the possible test seguence would be similar
to this: The test prograa would be put on tape and the tape wnit would losd
the high and low limits for sach of the tests to be performed into the memory
wnit of the tester. The test set would thep control the imput selestion and
further select the proper stimuli for the tsst being psrformsd. At the same
time, the tester would selest the propsr oubtput to take the response of that

particular test and route, it to the comverter or comverters.reguired. It would




7.2.% (Continued)

then teke the msasursd gquantity and route it to the proper memory slot and
periore ahmism on the quantitiss, meke & declision s& to whether it is
high, low, or within the test limits, and display snd either print out or

" record the test results. If a "o go" or malfunction ccours, the tester will
be programsed so that it ismedistely switches into a manual mods of operstion
and remains on this particular test step until the malfunction iz cleared. 4=’
soon as & "go" signal for this step is generated, the tester would be programmsd
80 that 1t will resume the sutomatic mode. See figure 1. '

T.3 Powver Systems (Statiec Converter/Inverter) and P.U. Electronics Assembly

The power systems and propellant utilization electronics assembly are grouped
together for 1 imterfase unit.

T.3.1 The power system has 1 input requiring 20 volts DC and provides 16
outputs. The propellant utilization electronics assembly hss 8 inputs and
28 outputs. The stimuli required for the P.U. assesbly inputs are analog
guantities and the outputs for both umits are anslog quantities.

T-5-2 Soms of the outputs are AC voltages and currents. The balance are
either DC volteges or resistances. The measurement accuracy for the P.U.
assesbly responses are 0.05%.

7.3.3 The instruments and equipment reguired for the sdapltor sre listed bealow:

(&) A 25 channel guarded scanner for inputs selsction
(b) 4 50 channel guarded scanner for output selection
(e) 4&n AC/Ohms to DC converter with a guarded and shielded input metwork.
(8) An analog to digitsl converter capable of gemerating & 13 bit binary

wvord plus sign bit and be capable of & conversion every 100 mlicroseconds.

(e¢) A phase difference to time converter
(f) reammed capacliior

An alternate mpproach would be to use the Dymec 2401A integrating DVM, since
the 24014 is a companion instrument to the AC/Ohms to DG converters and provides
2 4 line BCD output for esch of the decims)l digite snd measures 1o 5 decimal
digits. It would also be used as the snalog to digiial comverter. wTh@ farther

15
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7.3.3 (Continued)
attraction is that it has a floating guarded input.

The error of the combination AC/Ohms to DC converter and the DVM for
frequencies from 20 cps to 10 KC is .05% of full scale on AC voltages
and .02% of full scale on resistance. The measuremente on the power
system assembly are to be made to at least 1% accuracy and the measure-
ments on the P.U. electrorics assembly are to be made to 0.05%. All the
inputs with the exception of 1 are DC or AC and the outputs are DC, AC,

or phase measurements.

7.3.4 The adeptor will have to accept and apply to the‘Unit-Under-Test,
DC, AC, and incremental changes in capacitance and ?ake the outputs and
apply them to the proper instruments for digitizing. For the DC measure-
ments, the voltage to be measured would be spplied to either the A/D
converter or to the DVM, if used. For the AC voltages or resistance
measurements the signal peth would be to the AC/Ohms to DC converter and
then tb the A/D converter or DVM, whichever is used. A floating and
guerded system would be required. All of this could be accomodated in the
sdaptor unit. The floating and guarded system is required because of the
level of the AC and DC measurements. '

»

The digitally programmed capacitor would be assembled from precision cap-
acitors and a relay matrix. The relay matrix would be used to pull the
proper capscitors into the bridge circuit in the Fropellant Utilization
Electronics Assembly input. The capacitance values are tabulsted below:

10p Tank Probe LH, Tank Probe
EMFTY CAP T10 FF k25 PF
FULL CAP 870 FF 620 FF

A program of 6 points is used for linearity tests. For the L0, simuletor
capacitance, increments of 32 FF would be required and for the LHp simu-
lator, capascitance increments of 39 FF would be required. By bullding up
the probe simulators, a floating gusrded system could be obtained and in
this menner prevent noise and induced signals from effecting the measure-

ment and test.

i7
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7.4 The Signal Conditioners and low Level Amplifiers

The signal conditioners and low level amplifiers have as inputs the same
generic types of signals, and their outputs heve the same genersl signals
and signal levels.

T.4.1 The signal conditioners inputs are either the 0-5 volt or 0-60. mv

signel. It conditions these inputs for use in the PAM System or the PCM System.
The amplifier sccepis & low level signal snd brings it up to a 5 volt full
scale output for use in the PAM or PCM assexblies. ‘Ax this time there is
insufficient information availsble on the parameters of the signasl conditionsrs
and smplifiers to discuss them in greater detajil. Therefore, we will discuss
in 8 genersl way how to test the signal conditioners and amplifiers. Since
part of the inputs will be low level, a L-wire input system will be used (a’
floating and guarded input system). This will protect against noise pickup.
Also by using a h-wire system, we can simulate the point we desire.

., T.4.2 The equipment required for the adaptor (intérfase unit) is listed

below:

(a) A 25 channel floated and guarded input scanner
(v) A 25 channel floated and guarded output scanner
(c¢) An A/D converter

(4) An AC/Ohms to DC converter

(e) A programmeble precision resistor

(f) A precision current source

The input and output scanners are used Lo select the proper input and output
channels for the test being performed. The preclsion resistor is used to
substitute a resistance that is the equivalent to the transducer resistance
to complete the input cireuit to the Unit-Under-Test. The Ac/Ohms to DC
converter is used for converting the AC or Ohms measurements to an eq;ivalent
DC voltage. The A/D converter is used to convert all the DC voltages to the
equivalent binery quantity for entry into the test set. The current source
is used as bridge excitation for the input circuits.



T-4.3 The probsble method of checking the signsl conditioning would be to
apply discrete frequencies of known amplitude to the inputs and compare the
input emplitudes with output smplitudes to determine the breskpoint and roll
off charscteristics of the signal coaditlioning nebtworks. The same method
could be used for the linesrily end insertion loss tests by using frequencies
below the lst corper on the signal éa&ditianing networks. This same technigne
conld be used for evaluating the awplifisrs.

7.5 PLM/F¥ Azsesbly and FM transmitter Assesblies

S

The PAM/FY assezbly comsiats of 15 channels of VC0's and the summing amplifier.
Since, the pre-emphasis taper must be set when the V0O assesmbly is losded into
the transmitter, it is ressonable to test the 2 assemblies together.

T.5.1 The suvmming junction of the amplifier 1s a psuedo sumsing point and is
an integral part of the input clreuit of the wide band amplifier. There is
no way in the existing sssembly to dissble the VCO's individually so that
evaluation of the individusl VCO's can ba performed. The evalusiiom and
test of the assembly will have to be performed on the composite video sigpal
that is avallable at the output of the wide band amplifier. The VCO assémbly
will be checked with the itransmitier. This would sssure that a compatiﬁility
between the VCO assembly and the transmitier exists. However, one of the
exciters would have to be included as a part of the interface unit, so that
when only & VCO assembly was beipg checked, the test link would be completed.

7?532 The equipment reguired for the interfsce unit is listed below:

»

(a) 15 chennel input switching network

(b) 15 signal generators (fixed frequency cspable of 5 volt P-P sine-
wave outpub). .

(¢) Dummy RF load for 215/260 mcs and 25 watts load.

() EBF attenuator

(e) Automatic tuning telemetry receiver

(f) Programmsble FM discriminstor

(g) Exciter unit for RF assembly

1



T-5.3 The 15 chsnnel input switching netvork is used 10 select the various
japut signals and =pply thawm Lo thes inputs of the YCO sssesbly. The 15 signsl
generators are used to provide a signel of the proper dsta frequency and
amplitude to zach of the individual VCO's. The dummy loed is used to terminste
the transmitter in a registive non-redisting load and also to detsrmine
transmitter outpul power. The BF atienustor iz used to tap off s portion of
the HF energy and spply it to the recelwer input at s safe amplitude. The
telemetry receiver is used to detect the B carrier and to further prepare

the signal for application to the discriminator. The discrisginsior 1s used
t0 separate the various VOO channels out of the composite signal for further
use in evaluating the perfor@anee of the sssemblies. The FF exciter unit

is used to complete the measurements limk when a VCO sssembly 1s to be tested
without the transmiiter assembly. The freguencies to be measured are routed
to the msasuring instrumsnies in the test set. However, the fregusncy mesasure-
ment capability of the tester will have to bz modified to accepl and determine
freguencies in the 215 to 260 mes region. The present state of the art will
permit direct measurement to 512 mes. It is pointed out that considerable
care and state of the art engineering prectice will have to be employed in

the interface design due ‘o the freguencies involved.

T.6 Exploding Bridge Wire Firing Unit

The EBW Firing Unit accepts DC and converts this DC to a high energy single
pulse.

T7.6.1 The imput circuitry presents no unusual interface problems. The
voltage can be programmed directly and the current messured using a smell
sampling resistor. The time messurements are level sensitive, both the
charge and discharge timesz. This messurement cen be lmplemented using s

gnt. ‘The r@giatanﬁg wpegsurement can be made directly

Sehritt Trigger arranges
with sufficiesnt scouracy.

T.6.2 The output represents & high energy pulse for & short time and does
present some unususl problems. A possible approsch is to utilize 2 sensors,
1 set low and 1 set high apd have these implessut 2 "go-no go" arrangement
The pulse width and unfershoot would also have $o be mesasured. This could
be accomplished by zero level detectors and s coumter.




T.7 Range Safety and Command Destruct Receilver

The input to the recelver requires a tone modulated R¥F signel. Similar
interface problems of the PAM/FM assembly and Transmitter assembly are
present here, also. The inputs to the receiver would require both an

RF signal generator and tone modulator as part of the automatic test set.
Measurements on the output will require little interface since they are

merely relsy closure and voltage amplitudes.

7.8 8S/FM Assembly

The Single Sideband/FM Assembly does not lend itself for automatic testing
other than an end to end test. It could, however, be mated with the trans-
mitter and go through the same technique as noted in T7.5.3 and use @he
single sideband demultiplexer in place of the discriminator.

7.9 GSE

The GSE already has computer controlled self test features. The level of
fault isolation is such that under this system, printed circuit board
checkout capability is all thet is required.

8. COST CONSIDERATIONS

Component checkout under the control of sutomatic checkout systems can be
more complex than is justified by the expense of the system and by the
advantages gained over the use of manusl checkout egquipment. Mechanization
of the componerft stimuli can be very expensive. A test set Operator {whose
attendance is required for setup) may be able to menually apply the stimuli
merely by positioning & control, thus eliminating the requirement for costly
programmable stimuli. Mechanization of the response senging can be very
expensive. This is particularly true vhere the response may be a mechanical
motion which is slow enough to allow direct human interpretation. It mey be
determined from experlence and & reliabllity enslysis of the components, and
the number of components per system, that the number of tests to be perforned
does not justify the design of buffering or adaptor eguipment to impleﬁént
sutomstic checkout of output dets end the input stimuwli.



8. (Comtinued)

Manusl checkout iz slow but inexpendive and relisbls. Speclal sssesblies,
relegating some of the routine steps to switching circuits or regording
devices msy be lncluded in menusl testing, but the operstor is reguirsd
for more than 50 per cent of the test pericd.. Component test eguipment
has been found to have low usage rates. This has been esteblished through
experience with thelir roles on space programs szuch as Thor and Saturn S-IV.
Component functional testing is rarely times c:ﬁtieal cr on & high volums
basis in space programs. To provide for a grest nusber of tests in s=all
periods of time through sutomstion will be expensive in view of the propa-
bility of the test set being unusad for large pericds of time vhen test
probe applications become necessary.

The cost of an automated test faclility, the dstseiled programaming involved,

the lengthy lead time for buffering snd adsptation research, as well as

development end delivery, are gerious drew backs to other than a manual

approach. . Although & considersble nusber of individuasl test consoles

and & lerge group of gpeclally trained operators are needed for manual

component checkout, the time between contract approval and delivery can

be reduced. Thusz, the general-purpose test equip@eﬁt 8ls0 lends itsgelf

to valuable service during early development and production work. The

test equipment used in the manusl approsch ls generally all commercisally

available equipment, with little or no design cost involved. When a

program ends the test consgoles cen be dismantled and the test instruments

used in a new program. The cost involved in engineering time for manusl

component tesi sels 1s x;@latively small compared to that for automatic

test eguipment. In the manusl approach,the design is a matter of selecting

the proper test instruments and packaging them into a console along with 1 or
2 panels Jesigned for switching cireuits.



9. SCEEDE COHSIDERATIOHS o

The schadnle for the msnusl campcﬁént test sets iz timed to & vehicle or  «
‘en astivity. Ths first group of component test sets is timed to the factory
checkout of the All-systems vehicle at Huntington Beach. This requires that
the component test sets be desigped, built, delivered, and checked out by
April 196k. The second group of compouent test sets is timed to the All-
system vehicle installation at the Sacramento Field Station. This requires
their delivery and installation by July 196k. The third group of component
test sets is timed to the vertiesl assembly bullding, Complex 39 at 'Aiﬁi ‘and

" the first flight vehicle. This requires delivery and installation by January
1965. Verious component test sets such as DSV-4B-110 and DSV-4B-112 are
required even earlier for the Battleship Program st the Sacramento Field

Station. This requires their delivery and installation by January 196k,

Phase I reviews have been presented to HASA on component test sets DSV-4B-102,
103, 10k, 109, 110, 112, and 252. Production drawings have been started on
these models and hardware design is essentially 3 =months in progress and
equipment iz being ordered. The impact of redirecting the program at this
time for subomatic component test equipment design would be such as to
disrupt the schedule by & minimum of 18 months. The lead time required for
the automatic test set would be approximately 1 year. The adiptor and buffer-
ing design would require a minimum of 1 year of enginéering alone. This ex«f
cludes all support functions such as drafting, technical writing, and test
programs writing, etc. The system checkout and integration of the automatic
test equipment would require a minimum of 6 months. In view of these time
estimates and a projected contract approval date of September 1963, the
auvtomatic test equipment could not be svallabls at Huntington Beach bvefore
February 1965.

This would imply that due comsidsrations would have to be given to automstic
test equipment as a second generstlion squipment for this program. That is,
manual equipment design and production would be allowed to cortinue as
contracted, and aubomatic test eguipment phased in at & later date.
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10, COHCIUSICES

%

To determine the degree of aubtomation reguired in & given space-gsupport
program, key factors in the checkoul approach must be evalusted snd trade-
offs granted. Such Tactors as aevellable test time, equipment down tims,
number of space vehicles 10 be tested, and cost are interrelated.

10.1 Suitsblility of DSV-IVR i’mw for sutommtic Checkout Eouipment

If we anslyze all of the advantages of automstic test @qupment, when
applied specifically to the Seaturn S-IVB progras, certain facts stand
out. In the area of component test sets, the speed of testing is not so

" very important because the flow rate of components is generslly so low

that many days msy elapse before identical units are tested. The units
themgelves will generally reguire manual intervention during the test
sequence for adjustments which will cut down the speed of the tests.

In general, the componentes are not time cyitical when teésted on the
component test sets and therefore speed is not essential. The repeata-
bility of tests and the written record ﬁroduced by the sutometic tester
are features which can be implemented to some extent on the manusl tester, '
but this would require some digression into semi-automatic techniques.
The versatility of the asutomatic tester is maintained only so long ss the
adaptor is flexible. In general, the adsptors required for this program
will be made for a specific applicavion and if a hardware change is en-
countered, the adaptor will ususlly have “c be modified. Troubleshooting
on automatic equipment becomes Aifficult becsusge it is difficuli to get
the operator into the loop to isolate s fault which is not part of the ~

program.

10.2 Suitability of Automatic Checkout Equipment for the DSV-IVE Prograsm

It is apparent that seversal of the variocus pilsces of astomatic chseckout

equipment could be adapted to the DSY-IVB program, depending on how much

modification and what type of adaptors we are willing to tolerate. In

all cesesz, such compoments a8 the SSB/FPM Translator Assembly could only be
tested to assure that the most basic facts of the total system's effective-

ness were monitored. The CTI 235 could be supendsd to hanile ithe checkout
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«10.2 {(Continued)

if under computer control. The NHortronics JP-GA does not have an internal
nemory and is basically a low frequency or steztic test system which is

tape programmed. Thls also appiies 1o the DIT MCO units. The Dymec
equipment would require some additional arithmetic units snd a computer
~ontrel 1o become a complete automatic checkout system. A nomimal amount

of development time would alzo be reguired to assemble the Dymec units into
a couplete system. The Hughes Aircraft Company HCM-111A Automatic Tester
seems 6 be the one most suitable presently available system, and a thorough

discusslion of the interface required of this has been presented in Section 7,

Irterface Requirements.

10.3 Cost Considerations

Automatic chéckout equipment only becomes less costly as a greater number
of tests are reguired in e shorter period of time. As more tests are
needed to provide information about a system, automatic test equipment
becomes more desireble. The flow rate and numher of tests requi}ed per

assembly in this progrem do not seem to Jjustify the many times the cost

of manual equipment.

10.4 Schedule

Automatic checkout eguipment could not be placed into the program until

sometime in 1965 as second generation equipment.

11. RECOMMENDATIONS

It is recommended that automstic checkout equipment should not replace
the present component test sets at this time due to the impact on committed

schedule requirements. Any utilization of automatic checkout equipment
should be second generation and the advantages gaihed versus the dollar
cost do not at this time Justify such sctilon.
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and trouble shooting the following telemetry com:ponants,

&
b.
Ce.
d.
€.

L.
g

‘ Voltage controlled subcarrier oscillstor

Sumssing amplifiers

Slow speed multiplexer

Central cslibration commsand unit

Central csllibration commend d,eéod,er *
Central calibration channel decoder

Signel conditioning network

The test set consists of & three-bay console with a desk type front.

The PAM/FM/FM Telemetry Componment Test Set provides the stimuli and
monitoring equipment necessary to adequately calibrate and trouble

shoot the telemetry components. This requires the capability of
performing the following tests on the respective telemetry components.

B

&

VGO snd amplifier assembly

1.
2.
3.
b,
5
6.
Te
8.
9.
10.

VCO center frequency adjustment

VGO upper and lower band edge adjustment
Y00 static linearity messurement

VGO input impedance measurement

VGO dynamic linearity measurement
Amplifier gain adjustment o
Amplifier bandwidth mesasuremsnt

YO0 output level adjustment

Cross talk measurement

Calibration cireuit verificstion



Slow Spesd Multiplexer

1. Iuput impesdsnce measurament
2. Output timing and ssguence méssurement
3. Output smplituds measursasnt

Central Calibration Command Unit

1. Output line amplitude and timing measurement

2. Calibration buss szplitude and timing measurement
3. Output lipe sequence measurement

k. Preflight/Inflight operation verification

Central Calibretion Command Dscodsy

1, Channel command line continuity m@asuremeﬁt
2. Mode line smplitude measurement
3. Raeck output amplitude and timing messurement

Central Celibxstion Channel Decoder

1. Output line amplitude messurement
2, Output line latching abllity verification

Signal Conditioning Hetworks
1. Amplifier

() Gedn sdjustment
(b) Upper cutoff freguency measurement
(¢) Zero adjustment

2. Bridge

() Zero sdjustment
(o) Resolution verification

3. Level Shifter

(2) Output ssplitude measurement

(b?ﬁ Linesrity messurement



. Summing Hetworks

(a) Output emplitude mesesurement
{b) Output sequence memsurement

The test set contains the necessary interface to verify the operation
of the telemetry component assemblies as well as the cards or modules.

The operastion of the PAM/FM/F¥ Telemetry Component Test Set is entirely
manual, with all controls and interface on a control panel located at
the spproximate center of the test set. All of the appropriate

stimuli as well as the outputs and necessary interconnection to Unit-
Under-Test are provided by cables which are brought out from the
control psnel.

The test set controls and monitors all DC operating power supplled
to the Unit-Under-Test. This includes current control capsbilities
ag well as voltage control.

Test signals supplied to the input of the Unit-Under-Test are
gelected by the input signal selector. This group of signals
includes a varisble frequency sine wave, ramp function, square
wave, adjustegble DC levels, various loglc levels, and logic pulses.

The input selector selects the desired inputs to the component or
group of components under test. Worldng in conjunction with the
input selector is the output selector. This selects the compli-
mentary output for the selected input.

The instrument selector is capable of controlling and directing the
voltmeter, oscilloscope, discriminator, spectrum analyzer, and
counter. These lastrumsnts are controlled elther jointly or in-
dependently of eech other. Thus several outputs andfor inputs mey
be monitored simultansously. Wherever practical the monitoring
instruments are capsble of performing differential measurements.

With 115 V + 10%, 60 cps + 3% external power spplied to the PAM/
FM/FH Telemétry Component Test Set, it is capable of supplying the
following stimmlil to the Unit-Under-Test:



2.

4.

es

2k.32 VDC + 0.2%, 10 smp, re@@t@lﬁ programaeble with current
limiting capsbilities. '

0-32 VDC + 0.1%, 1 asp, remotely programmeble with current
limiting capsbilities.

A continuously sdjusteble 0-5 V p-p, 5 cps to 100 X cps sine
wave into & 5 K lo=d. ‘

A 0-5 V p~p remp function whose pulse width is approximately
0.1 second.

A logic pulse O to 21 V p-p with a 4 msec. duration

All monitoring equipment operstes from the 115V, 60 cps external
pover applied to the PAM/FM/FM Telemetry Component Test Set. It
has the following measurement capability:

-

-

A switcheble éiscriminator unit capable of demodulating a
single channel from the composit PAM/FM/FM signal. This
signal consists of the standsrd TRIG channels 1 through 1k
plus & TO ke signel with a 30% deviation. The composit
signal input level will be 2 minimum of 1.0 volts rms.

A 4O me oscilloscope with & 50 mv semsitivity, dual trace
plug-in unit.

A 100 ke counter with 1 part in 107 gccuracy, input Z 2

0.5 megohms .

An AC/DC voltmeter with differentisl messurement capabilities.
AC sccurscy + 0.2% and DC accuracy + 0.05%.

A low freguency spectrum anslyzer continuously varisble from
100 cpg - 100 ke, imput 7 Z 50 X ohms.

DSV-IVB-103 - TEST SET, TELEMETRY COMPONEET, SSB/FM

The BSB/F¥ Telemetry Component Test Set iz capsble of calibrating

and troubls aha@ting the Single Sidsband Translator &85&5@1&:9 This
ineludes the capability of conducting an end to end test of the entire
assembly. This will insure & completely verified system for installs-~
tion in the vehicle.



The test set consists of & three-bay couscle, 2 desk top beys and
a center bay with a shelf on the front, 30" sbove the floor.

The SSB/FE Telemetry Component Test Set provides the stimuli and
monitoring equipment necessary to adequstely calibrate and trouble
ghoot the Single Sideband Trenslator Assembly. It contseins the
necessary luterface to verify system operation, the performance of,
the individual PCB’s and the 2 external modules of the Single Side-
band Unit. For end to end checkout and calibration, the interface
consists of csbles. For individusl PCB fault isolation and spare
card verification;, a printed circuit board receptable assembly is
provided. Extender cards are utilized to aid in the individusl PCB
checkout a8 well as for system calibration. The 2 external modules
on the top of the Single Sideband Translation Assembly must also
be checked out individually. These modules contaln a wideband
isolation amplifier, and the relay logic for calibration. In order
to meet this requirement, cables and test points arevprovided on

%

the control panel.

The operation of the SSB/FM Telemetry Component. Test Set is entirely
manual, with all controls and interface on & control panel located
at the approximate center of the test set. The SSB/FM Télemetry
Componen% Test Set has 4 levels of operation:

a. System checkout
b. System calibration
¢. PCB verification
d. Module verification

For Single Sideband System checkout, all of the appropriate stlmuli,
28 well as the output end necessary interconnection to the Unit-Under-
Test, are provided by cables vhich are brought out from the control
panel to the connectors of the Single Sideband Translstor Assembly.
The test is accomplished with the package c¢losed. '

For calibration purposes. wtllizing the same interface cables, the

Single Sideband Translstor Assembly is opened and card extenders are



inserted to make edjustsble components anditest points accessible.
For individual PCB verificetion, a universsl PCB connector mounted
on the control panel with & card extender, is utilized as interface
vith the required stlmnll and monitoring equipment. For individusl
module verification, the wide-band amplifier modwl.e or the logic
module with its associated test points and cables connected to the

control panel provide the necessary interface with the reguired
gtimull and monitoring equipment.

With only 115 V + 10%, 60 cps + 3% external power applied to the
SSB/FM Telemetry Component Test Set, the test set is capable of
supplying the following stimuli to the Unit-Under Test:

a. 2k-30 VDC + .3% 1.5A, remotely programmable, with short
circuit protection.

b. 15 non-coherent noise sources at 5 V p-p, 10-3,000 e¢ps in%o
a 100 K resistive load.

¢. A continuously adjustable 0-5 V p-p, 50 cps to 560 KC wave
into a 5 K load.

d. A remotely controlled 20-3,000 cps continuous sweep sine wave
of 5V p~p into a 5 K losad.

The SSB/FM Telemetry Component Test Set also contains the following
monitoring equipment: .

a. A switchable Single Sideband Demultiplexer unit capable of
demodulating the composite SSB/FM Signal. This signal consists
of the 15 3 KC wide information chennels spaced 1.T4 KC apart
and covering the frequency range 1.7k to T1.1l KC, the special
service channel of .05 to 1.2 KC, and the pilot tone of 75.83
KC. The composite signal input level is 1.0 volts rms across
330 ohms. An automatic galn control meintains the output to
within + 1.0 db for a 26 db change in input level. The out-
put level of each channel is 50 ma peak into 330 ohm load.

A provisilon for phase lock and an alarm in case of loss cf
phase lock is provided. Sufficient monitoring instrumentation
ig included to display the csrrier tones, channel outputs,
pilot inputs, etc. Power supplies are self contéined 80 that

31
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enly 117 volts, 60 cps is required as sn iaput. @

b. A 40 me, 50 mv sensitivity oscilloscope with dusl trace plug-in
capability.

¢. A 100 cps - 600 KC continously variable spectrum analyzer, input
Z 2 50 K ohms.

é. A 5 mc counter with 1 part in 105 accurscy, input Z 2 .5 megohms.

e. A DC nullmeter, with .05% DC accurscy and 4 place resolution.

. An AC VIVM with a direct reading'db scale and -T0 db sensitivity.

g. A frequency selective volimeler, covering the range 1 KC - 1.5
me, band pass 200 cps.

h. A 2-channel visicorder having 1.10 mv inch sensitivity and linéér
over 0-3,000 cps. > '

DSV-IVB-104 - PRINTED CIRCUIT BOARD TEST SET

The printed circuit board test set is capable of performing all of the

required tests for fault isclation on the printed cirepit boards used
in the Saturn S-IVB GSE. The criteria for the design of the PCB test
set is to provide test capsblility for digital, pulse, or anslog type
circuitry and to further provide dynemic test capability as & means -
of fault isolation. The test set is capable of fault isclation to

& part or group of parts such &8 the resistors, capacitors, and tran-
sistors associated with a circuit.

The function of the printed circuit board test set is to evaluate the
pexrformance of the printed clrcult boards, to detect the malfunctioning
eircﬁit and to isolate the fault. The test set applies the opérating
voltages and stimuli to the inputs and monitors the response on the
outputs.

The printed circuit bosrd test set is contained in 2 TT¥ racks with
a work table extending the full width of the racks and spaced approxi-
mately 30" from floor level.



The printed circuit board test set contains all the.test equipment and
adaptor cards required to test and trouble shoot the Unit-Under-Test.
The test set spplies stimuii to the proper input terminals, applies
operating DC voltages to the proper terminals and monitoré the cutputs.
The test set selects the required stimuli, operating voltages, and
monitoring equipment by use of a switching network. .The lerminals on
the printed circuit board are selected by a combination of adapior
boards and switching networks. By application of the required stimuli
to the input terminals on the Unit-Under-Test, and use of the proper
monitor on the output terminals, the Unit-Under-Test is evaluated in a

dynamic mode. ’

The printed circuit board test set 1ls manually operated. The stimuli
generator, indicators, and monitors are selected 5y switching networks.
The inputs and outputs on the Unit-Under-Test are selected by adaptor
boards and switching networks. The proper loads for the circuit are
on the adaptor boards. When testing digital type PCB's, the stimuli
generator is a double pulse generator. The output monitor is a duai
trace oscilloscope. The stimuli are selected by the stimuli selector
switch and the monitor selected by the monitor/indicator selector
switch. The selected stimuli, monitors, and DC operating voliages are
connected to a receptacle on the work table. The adaptor card is
plugged into the receptacle and the Unit-Under-Test is plugged into a
receptacle on the top of the adaptor card. The adaptor applies the DC
operating voltages to the proper pins on the Unit-Under-Test, the
stimuli are routed to the correct inputs, and the outputs are connected
to the monitor by a multi-section selector switch on the adaptor.

For testing the analog type PCB's, the same sequence is used. However,
the stimuli and monitor are selected in accordance with the type PCB
being tested. -

Adaptor boards are used so that when testing PCB's requiring fast
rising waveformg, there are no long leads involved and no degradation

of the wave form occurs.
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After the fault on the PCB is isclated to a particular circuit on the
UUT, probing is undertaken to further disolate the fault to a part ér

group of parts.

The test set contains as stimuli:

a. Sine Wave Generator - the sine wave generator has the following

minimom performance requirements:

1.
2.

Frequency range
Calibration accuracy

Output
Source impedance
Frequency response

Distortion

Oubtput monitor
Output attenuator

10 ¢ps - 10 me

+ 24 10 cps - 100 KC

+ 3% 100 XC - 10 mc

3V rms into 600 chm

600 chms

+ 1 d 10 cps - 10 mec when terminated
600 ohms resistive

1% 10 cps - 100 KC

2% 100 KC - 1 me .

5% at 10 me

VIVM to monitor input to attenuator
0 -5 db in 10 db steps accuracy of
+ 1% when terminated in 600 chm

b. Pulse Generator - the pulse generator has the following minimum
performance requirements:

1.
2.

Repetition rate
External trigger

Delay

Width

Anmplitude

Attenunation

Rise time

Fall time

Polaxrity

Overshoot snd undershoot

7

2 ¢ps to 2 me continuously verisble
ualt triggers from an external source
by a + 20 volt pulse at repetitive
rates up to 2 mc.

0.0 usec. to0 10,000 usec. contimuously
veriable in 5 ranges

0.05 usgc. to 10,000 usec. contipuocusly
varisble in 5 ranges

50 volt into 50 opm

0 - 60 db continuously varisble

0L5 usec. v;.riable to 1 usec.

015 usec. varisble to 1 usec.
positive or negative

5% maxcimum



The pulse generstor shall furnish pulse palrs with the sbove
mentioned chsracteristics. The first pulse occurs at time = O,
the second pulse is delsyable from 0.5 usec. to 10,000 usec.
with respect to the leading edge of the first pulse.

¢. Low Frequency Function Generator: The low frequency function

generator has the following minimum performsnce requirements:

1. TFrequency range 0.008 cps - 1,200 cps

2. Calibration accuracy 3%

3, Frequency stability 1% including warmup

L. Output amplitude 30 volts p-p into 4 K ohm
5. Internsl impedance ko

6. Sine wave distortion 2% maximum

T. Output system . isolated from ground

8. Frequency response constant within 0.2 db

d. Power Supplies: The test set contains U4 variable voltage
regulated power supplies which furnish the operating voltages
for the Unit-Under-Test. The power supplies have characteristics

ag follows:
1. Output voltage 0 - 50 VDC
Output load current 0 - 2ADC -
3. Output impedance .01 ohm DC - % KC
‘ .C5 ohm 1 KC - 100 KC
L. Regulation .05% for step load
.05% against line changes of +
10V rms
5. Response time 50 usec. for step load change
6. Stability .05%
T. Short circuit protect Continuously variable
8. Ripple Less than 0.5 mv rms at full

load and low line

The test set contains monitoring and indicating devices as outlined
below:



€.

¥ide Band Oseilloscope - The oscillescope with the appropriate
plug-ins displeays the various output waveforms from the Unit-
lnder-Test. The oscilloscope characteristics are listed below:

1. Vertical pessband

2. Rise time

3. Calibreted &eﬁleatian
factor

k. Calibrated sweep range

5. Accelerating potential

6. Sweep magnifier

T. Signal delay

DC - 40 me
.C09 usec
50 mv/cm to 20¥/em

0.1 usec./em to0 5 sec./cm
12 kv’
10X

0.2 usec.

8. Must accept various vertical amplifier plug-in units.

AC/DC Vscuum Tube Voltmeter - The VIVM measures end indicates
the operating voltages, and outputs from the UUT. It has
minimum performance capsbility as outlines below;

1. YVYoltage range

2. Accurasy

3. Input impedances

4, Reference

DC O - 500 VIC

AC 0.05 - 500 VAC

DC + .05% of imput voltage from
0.1 - 500 ¥ + 0.1% of input voltage .
from 0 - 0.1 voltis.

AC + 0.2% of input voltage from
0.5 - 500 volts over 30 cps to
10 KC fregquency range

DC infinite st nmll

AC 1 meg. shunted by 25 maf
Standard cell

Chumeter - The ohmmeter asssures the varidus cireult resistahoces
on the VU, It shall heve sz s minimum the following performances:

l. Resistance range

2. Accurasey

9 decede reanges from 1 ohm - 1900
megohm center scale overall rangs
from .05 ohm to 5,000 megohms

+ 5% of reading from 0.2 ohm to
500 megohm + 10% of resding from



O.1 - 0.2 ohm and from 500 megohm
to 5,000 megohm

The test set contains all the necessary switching functions to select
thg proper stimuli generators, monitoring devices, and indicators.

DSV-IVB-109 - SEQUENCER TEST SET

The overall goal of the sequencer test set is to provide testing of
the S-IVB Seqnencer and the FM/DDAS Relay Assembly.

The Sequencer Test Set is a 2-bay unit. The power required is 115 VAC
+ 10%, 60 cps + 3%, and 1,200 VA single phase. Inputs received from
the S-IVB sequencer and the FH/DDAS relsy assembly consist of +28 VDC
signals which will be applied to lamps on the tast set to indicate ths
presence or sbsence of a signal.

The outputs to the S-IVB sequencer consists of +28 VDC + 1 VDC signals
for simulation of the S-IVB stage imputs and + 28 VDC + 1 VDC, 25 ms
+ 5 ms pulses to simulate inputs from the Guidance Section. Outputs
to the FM/DDAS relay assembly consists of + 28 VDC + 1 VDC signals for
relay operation.

The + 28 VDC is used for talk-back in testing the 2 units. Also, a
+11 VDC is provided to test the arc suppression circulis for each relay

circuit.

The sontrol panels and measuring eguipment consist of the following:

8. Pateh Panel - Itz purpose is to provids for r@utiﬁ% the inputs
snd outputs of the Unit-Under-Test to the various pansls and
drawers and to provide for repid chaanging of the test set with
saguencer changes.

b. Power Supply - Its purpose is to provide +28 VDO for test set
apd sequencer test power.

¢. Switch Panel - Its purposze is to contrel ths test seguence and
the type of test to be psrformsd on the Unit-Under-Test.



d. Sequencer Control Psnel - Its purpose is to provide inputs to
and monitor outputs from the S-IVB sequencer.
e. VIVM - Its purpose is to test the T/M resistors end the arc

suppression circuits.

The Unit-Under-Test is the S-IVB sequencer modules. The sequencer to
be tested is placed on the test shelf and the connector cables are
connected between the sequencer and the test set. The sequencer is
checked for continuity by means of impedance mﬁasurepents and/or a
signal return (+28 VDC) which turns on proper lamps and verifies proper
wiring between the module and sequencer connector plugs. The sequencer

is also checked for proper values of isolation resistance.
&

The test set supplies all power required by the S5-IVB Sequencer,
1A65666-1, during test: +28 VDC + 1 VDC both for relay operation and
lamp illuminetion. The test set connects to the sequencer unit by

means of connector cables. The test set provides a pulse signal +28 VDC
+ 1 VDC at 25 ms + 5 ms for purpose of relesy excitation In specisl cases.

Continuity tests sre performed by means of impedance measurements and
lamp indication on the test set lamp test panel. HMeasurements required

are:
8. Reslstance

1. 1 ohm
2. 100 megohms
3. 10K + 1 K ohms

b. Current

1. 18 ma
2. 128 ma



The F¥/DDAS relay sssembly is composed of relays, isolstion resistors,
and arc suppression circuits. The tests involve continuity vie im-
pedence measurements, and & signal return (+28 VDC) for lamp 1llumi-
nation. The test sel supplies all pover required by the FM/DDAS
relay sssembly during test, +28 VDC + 1 VDC. The test set connects
to the relsy assembly by, mesns of connector cables. The céntinuity

test iz performed by msanz of impedance messurements and lemp indi-
catlion on the test set panel.

DSV-IV8-110 - TEST SET, ELECTRICAL COMPONEWT, POWER SYSTEM

The power system component test set 1s capable of checking the in-
verter-converter. The test set measures the inverter-converter out-
puts for changes in line, load, and temperature; aﬁd provide means for
determining conversion efficlency and harmonic distortion. The test

set simulates changes in the line and load and supplies the voltage
source (baxtery simulator) to the inverter-converter and monitors the-
voltage and current of each inverter output under the spedified loading.
The test set also measures frequency, power factor, and phase difference,
vhere applicable. The test set is contained within a single bay rack.
All meters and controls are located on the front surface of the cabinet;
with the exception of a running time meter. The lower section of the
cabinet provides a storage drawer to accept the inverter-converter.

The drawer contains & running time meter and inverter-converter connect-
ing cebles. All external power enters the test set from the rear.

The battery simulated output voltage is capable of adjustmént between
the specified limits of line change. This output voltage is supplied
to the inverter-converter for input power, and a lesser voltage ls
applied to the hest sensing elements (thermistors). Test circults are
supplied within the test set for checkout of the thermistors and other
telemetry outputs. The test set contains resistive loads for all out-
puts requiring them, end a varisble reactance load for the 115 volts

AC, LOO cps. The circuit of the reactive load contains in addition



a frequency and a power factor meter. The voitage across and the
current through these loads are displsyed by metera. In addition,
the phase differemce between the sine wave and square wave outplt
iz gensed and visually indicsted by meter. The test set is capable
of monitoring the osgeillstor supply voltage simultaneously é?ith the
frequency (400 cps) delivered from the oscillator. Provision is
mede for externmal monitoring of the 115 volt, 400 cps output, the
sguare wave, and all test pointz. An sdjustsble DC power source is
- used to apply volitage soross the inverter-converter. The reguired
loedis are Included across esch output. Included in the respective
loed circultsg, are an AC and a DC smmeter. A voltmeter 1s capeble
of switching across sny output to determine its voltege. The
telemetry test circuits have fixed loads and the sbove mentioned
voltmeter is applied across them. Conversion efficiency is deter-
Bined from iaput end output power calculations. The faecllity in-
put will be 115 volts AC + 10% at 50-66 cycles per second. This
is supplied to the differential voltmeter as well as the DC power
supply. A variable, regulated power supply is necessary to supply
the inverter-converter, thermistors, and phase measuring network.
The supply meets the following specification:

a. Input: 115 VAC + 10%, 50-66 cps
b. Outputas: 0-36 VDC, 0-10 smperes
e¢. Voltage regulation: .05%, line and load
d. Current regulstion: 0.2%, line and load
e. DC ON/OFF switch
f. Paysical: Input-output coanectlions
on rear
Rack mount

Hinimoum height

The controls of the power supply and the AC/DC volimeter are self
conteined within these units. The remainder of the front panel
requires the following controls:



AC power on OH/OFF switch

DC console power OH/OFF switch

DC inverter/converter power ON/OFF switch
Reactive/resistive losd switch for 115 VAC
Load/no losd switech for esch outpub
Varisble load controls for each oubtput
Telemetry test switches

Voltage output selector switch

Cuarrent output selector switeh

DC smmeter scale sslector switch

Phass measure circuit calibrator

Circuit breaker ressats

)

The AC/DC voltmeter and DC power supply are supplied with meters. The
remsining meters are of the 3 1/2 inch diameter, ruggedized, military

type with 100 degres scales.

a. AC/DC Differential voltmeter

Range
Accuracy:

Japut:

DC Polarity switch
Phyeical:

Power factor mster

Use:
Boale:
Sensitivity:

Frequenoy meter

iige:
Scale:
Sensitivity:

The test set includes: .

0-500 volts

+ .05% DC

+ 0.2% AC

115 VAC + 10%, 50-66 cps

Input/output comnections from rear
Rack mount
Minimum height

115 VAC, 400 ops reactive load

0.3 %o 1.0 lagging
+ .08 pf

40O cps
395-405 cps (expanded)

+ .25%

#%



42

d.

bmmeter, AC

Use: 115 Y4C losd currant

Seale: TBD

Sensitivity: 8D

Amsester, DC

Uge: load‘ currents

Scale: multiple (TBD)

Sensitivity: TBD

Phage meter

Uge: Indicates phase difference bsiveen
square vave and sine wave

Scale: 0 to 20 degrees (tentative)

Sensitivity: + 1 degree

Running time meter

Input: 115 VAC, + 10% 50-66 cps

Scale: Minimum of 0.1 hours, meximum
10,000 hours

Sensitivity: + .1 hour

Light, Indicator {3 each)
AC input power on, DC comnsole power, DC inverter power
Voltmeter, DC.

Scale: 2k-32 VDC (expanded)
Senaitivity: + 5%



DSV-IVB-112 - TEST SET, PROPELLAET UTILIZATION

The overall gosl of the Fropellant Utilizastion Tast Bst is to gheshont
and yraéalibr&%e the Propellant Utilization Electronics sssesbly prior
to inatallation in the S-IVB vehicle. Basicslly this is accomplished
by simulating the empty and full capacitance of the LOp and Lip tamk
probes and adjusting the Propellant Utilization Electronics assesbly
for propsr outputs monitored by various test egulipment of the test set.

The finsl calibretion of the Propellant Utilization Electronics
sgsembly is performed after installstion in the S-IVB wvehicle using
the actusl tank probes for thé empty capacitance value and adding &
velue of capacitance in parallel with the tank probes to simulate full
cepacitance value. All velues of input bridge capacitance, referred
t0 herein, sz percent of full tank wvalues, will represzent the amounis
of capacitance necessary to slmulaste the indicated percentages of
propellant mess. Percentage levels will represent the indicated
percentages of propellsnt mass. All capacitance accuracies (including
bridge linearities) stated herein as percentages will represent per-
centages of totael change from empty to full tank unlegs otherwlise
stated. The Propellsnt Utilization Test Set is & 3-bay unit. Power
required is 115 VAC + 10%, 60 cps + 5%, 3,000 VA, and single phase.
Inputs to the Propellant Utilisation Electronics assembly are as
follows:

a. 115 VAC + 3%, 400 cps + 1%

b. 100 ¥VDC + 2 VIC

c. 5 VDC+ 1%

a, + 1V + 1%

e. 2 volt + 1% p-p square wave in phase i_&@g with the 115 ¥V, 400 cpe
£. 28 vDC + 2 VIC ) )

g. Cspacltance probe slmulators

b. Input signals to test relays and sutomatic checkout relaye

A3



The control panels and measuring equipment are as follows:

8. Oscilloscope -~ to measure the phase shift between the reference
voltage and the ocutput of the valve position smplifier and :
general testing.

b. VYoliage divider - breviéag very accurate voliage ratiog for
comparison to various Propellant Utilization Electronics
assembly outputs.

¢. Recorder - i0 record the summing point error signal, the LOX
and fuel wotor ecomtrol voltages, value command outputs, and the
output of the ¢oarse and fine loeding potentiometers.

4. Capacitance measuring system - to calibrate the cayaéitance
probe simulators to an sccuracy of + .01%.

e. AC/DC differential voltmeter - for very accurste voltage
reagurements of the various outputs of the Propeliasnt Utiliza-
tion Electronics assembly.

f. Vearisble capacitors -

1. Mass sensor - simulates the empty, 20%, 404, 60%, 804,
snd full points of the tank probes.

2. Step input - used to introduce small capacitance changes
into the channel under test.

3. Veloclty input - a motor driven capacitor which varies
from the empty to full cspacitance value at the rate of
1k pf per minute.

g. Control panel - for routinmg the various outputs of the Propellant
Utilization Electronics aszembly to the applicable messuring

eguipment .

DSY-1¥B-1]3 - u»s YR

The DSV-IVB-113 is & manually opsrated test set consisting of an R.F.
signel genersior and ¢odsr, eounter; pover supply, voltmsters, and
aontrol pansls, all of which are reck mounted ln & single cabinet.



It is used to bench test the following items prior to installation in
the flight vehicle:

a. AN/DRw—l3 - Command Destruct Receiver
b. PP224S/DRW-13 - Voltage Regulator
c. EBW Destruct System Controller

The following tests are performed on the Command Destruct Receiver:

a. Sensitivity - reliable subcarrier operation with + 50 KC
deviation and RF signal strength of 5 microvolts or less.

b. Limiter voltage - +0.1 VDC minimum at the signal sst;reng‘t:h‘g
test point with an unmodulated RF signal level of -100 dbm.

c. Overload - no false channel operstion shall occur.

d. The decoder assembly relay contact resistance is checked and
must be less than 1 ohm. |

e. The quitting point is checked.

.f. FRF bandwidth - at -6 db (650 XC to 800 KC),

at -60 dv (2,800 KC maximum)

g. The RF center frequency must be within + .01% of specified
frequency.

h. Audio output

i. Threshold deviation

j. Decoder bandwidth

The following tests are performed on the voltage regulator with +2k,
+28, and +34 VDC inputs.

a. regulated +18 VDC v
b. unregulated +18 VDC

¢. unregulated -18 VDC

d. regulsted +6.0 VDC

e. unregulated +28 VDC



The following tests are performed on the EBW Destruct Systeam Controllsr:

&. Proper logic operation
b. Proper T/ telkback operstion

DSV-IVE-11h - EBW FIRING UNTT COMPOMENT TEST SET

’

The purpose of the EBW Firing Unit Test Set is to functiomally check

the EBW Firing umits prior to installation in the vehicle. The test

set is entirely manual. The following tests are performed on the’EBW
Firing Unit: '

a. Measurement of the monitor line resistor
b. Verification of good filter cepacitors
c. Pesk and average input current

d. Peak and aversge trigger current

e. Time from trigger to output

f. Average monitor line voltage

g. Monitor voltage ripple

h. BStorage cspacitor use time and decay time
i. 8 VDC NO-FIRE

J. 50V, 10 microseconds, EO-FIRE

k. Output pulse waveshape

The test set 1s housed in an AMCO reck snd contains the following
equipment:

a. Oscilloscope

b. Storage drawer for oscllloscope camers

~¢. Storage drawer for cables

d. Control snd monitor drawer which contains meters, logic
cireuites, and power supplies.



b8Y-IVR-115 - TEST SEY,

The POH/FH Telemetry Compomsnt Teast Set is capsble of performing all
of the tests reguired for complete evelustion; sdjustmsnt, and fault
isolation of the Digitsl Data Acguisition asssembly. The oriteris for
the design of the PCH test set is Lo provide the test capebility for
gn snd-to-end test and Lo Turther provids test capebllity for fault
igolation. The test set is capsble of fault isolation to a fume-
tional block of the Digital Dats Acquisition sssembly, such as ths
A/ID converter, the various counters, formast generstors, and registers.
The functions of PGH/FK Telemstry Component Test Set is to evaluate
the performsnce of the Digital Data Acquisition assembly, to detect
malfunctions, and to iszolate the faults. The test sel applies the
operating volisges and stimuli and monitorg the respomse on the out-
puts. The PCM/FH Telemetry Component Test Set is contained in & 3-
bey console, 2 desk top bays and & center bay with a e\ihelf on the
front, 30" sbove the floor. The P(¥/FM Telemetry Component test set
is manual in operation. The stimull generstors, indicators, and
monitors are selected by patch boards and ewitehing :;etmrka. The
data words in the serisl PCM data train are selected by proper
programming of the patch board on the data control unit. The frame
synchronizetion pulse snd subframe synchronization pulses are also
selected by programming the petchbosrd on the date control unit. The
complete date word, frame synchronization word, and subframe synchroni-
zation word are availsble on the outputs from the dats control unit.
The various stimull generators are pstched or switched to the mﬁx‘ta
as required. The monitors and indicators are patched to the varlous
points in the DDA assembly to measure and observe the various outputs
and functions.



The stimuli and monitoring requirements for the P(H/FM Telemetry
Cozponent Test Set mre as outlined below:

2. A serial PAM RZ pulse train with the following characteristics
is reguired as ope of the input signsl sources.

10.

iz,

13.

1k,

Amplitude of each pulse proportional to chammel signal
amplitudes.
Commntation rate of 7,200 channels per second.

Channels per frame - 30 imeluding synshroniz
PAM Duty Cycle - must be capable of being set to 50% + 5%
Freme and master frame synchronizstion must be capeble of
genersting & synchronization pattern in accordance with
figure 3 and 4.
PAM reference level - continuously varisble from 5% to
30% of full scsle.
PAM frame synchronizstion width - 2 or 3 channel periods
sslectable.
PAM frame synchronization amplitude continucusly variasble
from 0% to 125% of full scale.
Data channel smplitudes - sll chsnnels ca@able of being
swvitched to PAM smplitudes of 0, 20, 40, 60, 80, 100, and
1259 of full scale. .
Special information ampliiudes - any channel may be set to
100% of full scale or may bc continmuously sdjusted to 0%
of full scale independent of all other channels. '
Missing channels - must have provision for the generation
of missing channels, 5 consecutive chsnnels or ang 5 rapdom
channels.
Information scouvacy - selected informstion mst be accurate
to 0.15% of full scale.
Cutput linearity - linesrity for incremental dsta changes
shall be within 0.10% of full scale referred to best straight
line. ‘
Output stebility - no worse than 0.15% for an 8 hour period
after & 30 minute warz-up.
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b.

15. Interchsnnel modulation - less than 0.05% of full scale.

16. Pulse rise snd fall time - 10 usec. meximum.

17. Channel rate jitter - less than 0.1% pesk-to-peak of full

channel period.
PAM output asmplitude - single ended adjustable 0-6.25 °

189
Double ended 0-12.5 volts pesk-to-

volts pesk-to-pesk.

peak .

19. Output impedance -~ less than 2 XK.
20. Output noise - less than 0.05% of full scale

21. Must heve provisions for both nolse and jitter injection®

into elgnal channels.

22. Outputs - all significant waveforms must be brought out

t0 & test point.
The serisl pulse itrain nmst be gynchronized or slaved to

the master clock in the DDA assenbly and must be capeble
of holding the input to the DDAS &t zero (0) level during

the frame and master frame intervals.

23.

A linesr ramp function is required as a stimmli. It is used

to check the dynsmic linearity of the commutators and the
DDA assembly. The ramp function shall have the requirements

a8 outlined below:

1. Remp time - 0.8 - 100,000 usec
2. Ramp linearity - 0.1% of full scale

3. Time jitter - no greater than .006% -
Trigger level required - must trigger on any amplitude

betwean 5 and 60 volis peak-to-peak

5. Outputs -~ + 10 volt gate
+ 5 %0 + 12 volt resmp

6. Accuracy - + 0.1% of full scale
T. ldinearity of ramp - + 0.1% of full scale



c. A pulse generator is required for use as & clock source for
checking the commutators and for trouble shooting the commutstors
snd DDA assembly. It is alsc used as a verisble rate clock source
for marginally checking the DDA assembly. The pulse generator
has the following minimum performanée requirements:

1. Repetition rate: 2 cps to 2 megascycles per second contin-
uously varisble. '
2. Must be capable of being triggered from an externsl source.
3. Delay: 0.0 usec to 10,000 ﬁsec continuously variable (delay
referenced to synchronization pulse out).
L. Width: 0.05 usec - 10,000 usec continuously varisble (width
measured at 50% amplitude points).
5. Amplitude: 50 volts into 50 ohm losd.
6. Duty ratio: 30% of full emplitude no less than 65% at 20
volts into load. '
7. Attenuation: 0-60 db continuously varisble.
8. Rise and fall time: .0l5 usec or less; can be degraded to
1.0 usec both rise and fall time.
9. Polarity: positive or negative (selectable from front panel)&
10. Overshoot and undershoot: 5% maximum at full output.
11. Droop: HNo worse than 15% at a pulse width of 1,000 usec
Synchronization pulse: Minimum amplitude 10 volts
Minimum width 0.05 usec
Rise time 0.03 usec

d. A precision voltage divider is used to set up accurately known
voltages for checking static encoding accuracy on the A/D con-
verter .and the transfer accuracies of the commutators. It also
is used for setting up accurstely known voltage levels for
checking the static linearity of both the commutators and the
A/D converter. The precision voliage divider has as a minimum
the following performance requirements:
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Input resistance: 10 KX

Number of decades: 6

Resolution: 1 PPH

Terminal lineariiy: + 5 PPM direct reading corresctable by
certification to + 3 PPM

5. Input power: 5 watts nominal

An oscilloscope is required to provide facilities for waveform
analysis and meesuring time relations and delays. It is used
for measuring rise time, fall time, pulse width, and all the
generel characteristics of the various data pulses and synchro-
nizing pulses throughout both the DDA assembly and the commutators.
It is used as an amplitude comparator in the static linearity
tests performed on the DDA assembly and the commutators. By
using the appropriate plug-in modules, it is capable of msking
differential measurements of pulse amplitudes and of measyring

time relations between various synchronization pulses in the

DDA assembly and the commutators. It hes the minimum.performance

requirements outlined below:

1. Sweep Generator:

(a) Sweep time from 0.1 usec per cm to 5 sec./cm. continu-

ously varisble.

(b) Sweep magnification - 10x
(¢c) Sweep accuracy - + 3%; with magnifier in i_S%.

(&) Triggering - internal, AC coupled, power line,

external AC or DC.
(e) Trigger sensitivity - internal approximately 2 mm

vertical deflection at 1 megacycles, 2 cm at 50 mege-

cycles, external; approximately 0.25 volts p-p at 1

negacycles, approximately 0.5 volts p-~p at 50 megacycles.
(f) Triggering point - comtrol selection of level and slope.

2. Triggering Point:

() Bandwidth - DC coupled, DC - 500 kilocycles; AC
coupled, 2 c¢ps to 500 kilocycles.

L}
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3.

(v)

Sensitivity - 2 ranges; 0.1 volt/cm snd 1.0 volt/cm

Main Vertical Amplifier: !

(a) Rise time: less than T nsec
Calibrator:
{a) 1 kilocycles square wave

(b) Voltage - 2 ranges 1 volt p-p and 10 volt p-p

Cathode Ray Tube:

(a.’) Type P31 aluminized phosphor

(v)

Post sccelerator with a2 minimum of 12 kilovolt
accelerating potential.

Bear Finder:

Intensity Modulation for trace:

Vertlieal Plug-in Applifier:

(a)

(v)

(e)
(a)

(e)
()
(8)
(n)
(1)

Mcde of operation: channel A only, channel B only,
channels A and B on alternate sweeps, channels A and

B chopped, channel A minus channel B (differential
input).

Sensitivity: .05V/cm to 20 V/cm continuously varisble
Attenustor sccuracy: + 3%

Bandwidth: DC coupled, DC - 50 megacycles, AC coupled;
2 cpe - 4O megecycles

Rise time: less than 9 nsec

Vertical position range: + 9 cm

Input impedence: 1 meg, shunted by no more than 30 pf
Polarity of presentstion: (+) up or (-) down selectable
Common mode rejection: (differential input) At lesst
40 db st maximum sensitivity or 30 &b when using attenu-
ators at frequencies to 1 megacycles. )
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9.

Sweep Delay Plug-in:

The sweep delay plug-in is used in making the pulse to pulse

time measurements, the time jltter messurements, and also

allows mixed presentation of high speed and low speed pulse

trains simultanecusly.

(a) Delay time:

(b) Delaying sweep:
(c) Delay length:
(&) Accuracy:

(e) Delay function:
(£f) Triggering:

(g) Sweep selector:

(h) Delsyed trigger out:

1 usec. to 10 sec.

2 usec/cm to 1 sec/cm.

0-10 cm.

+ 1%‘2 usec. to 0.1 sec. range,

+ 3% 0.2, 0.5, and 1.0 sec. range
Trigger main sweep, arm malan sweep
Internal; AC coupled 2 mm Or more
vertical deflection, power line, or
external AC or DC coupled Q.S Vv p-p
(1) main sweep (2) delaying sweep
(3) main sweep delayed. () mixed

sweep
Approximately 20 V positive -

An AC/DC differential VIVM is required for monitoring the DC
stimuli levels that are applied to the Unit-Under-Test and for

monitoring and setting the various power supply levels to the

Unit-Under-Test.

It also is used for measuring the various circult

levels when & malfunction occurs and fault isolation is to be per-

formed.
performance requirements.

lh
2.

3.

L,

DC voltage range
AC voltage range
Input impedance (at null)

Resolution

The AC/DC differential VTVM has the following minimum

*

0.5 volts ~ 500 VDC

0.005 - 500 VAC

AC - 1 meg shunted with 25 pf
DC - infinite

50 microvolts from 0.5 volts to
5.0 volts, 500 microvolts from
5.0 to 50 volts, 5 microvolts
from 50.0 volts to 500 volts
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5. Aceuracy: DC - + .05% of input frem 0.1
to 500 volts; + .l1% of
input or 50 mierovolts
vhichever is the grester
from 0.0 to 0.1 volts

6. Direct in-line readout

T. Actomatic dsoimal point

8. Reference stability + 0.01% from 105 volts to 135

volts input line + 0.01% per
hour after s 30 minute “m:@e
9. Floating input: + or - can be grounded

A 4 digit in-line display unit is required to display the dats
words genersted by the A/D converter. The display unit must
acéeprt 10 line pearallel data from the digital dsta control unit
and convert it to & octal digits for displey. This is done by
a binary to octal converter and 4 digit in-line readouts. This
unit in conjunctiom with the digitel data control unit takes
any data word in the format az selected by the digital date
control unit and displays this selected dste word in & octal
digits.

A digital dsta control wnit is required to check the data format,
to separate out the various synchronization pulses, and to separate
and provids on output lines, the ‘selected dats word out of the
master frame. The frame and master frame synchronization in-
dication are shown on the "in synchronization lights" on the

front psnel of the digitel data comtrol unit. The synchronization
words formet to be recovered is set up on the patch bosard of the
digital date control unit. By using the digital date control umit,
the following parameters of the DDA essembly can be checked; the
data format, synchronization words format, system mch:mnizatioﬁ
stability, proper sampling reference of analog inputs, proper
formating of the discretes input, encoding aceuracy, and lineaxity
of the anmalog to digltal comversion. The digital data control
unit has the following minimum performance cheracteristics:



10.

1. Word length sdjusteble fram 2 - 33 biis
2. ¥Frame lengith of 1 - 300 words
3. HMaster frame of from 1 - 600 words

k. Synchronization pattems

{8) Frame up to 33 bits with any combination of 1's and
O'g.

(b) Counter outputs - The binsry outputs from the master
frame lengih counter and frame length counter shsll
be available. .

(¢} Synchronization pulse - Master frame and frame synch-
ronization pulses shall be provided.

(4) Patchboard - The pstchboard shall permit programming
the data control unit for the input format. ¥Word
length, master frame length, master frame synchroniza-
tion, frame length, and frame synchronization times
ghall be prograsmable. Bach programmsble ares on the
patchboard shall be an amp type patchboard

DSV-IVB-252 - FM TRANSMITTER TEST SET

, The FM Transmitter test set iz used to check the FM transmitters

for proper operstion, both dynsmic and static, and to isolste mal-

functions down To a part or group of partz. The test setl provides

the necessary operating voltages, input signale, end output monitor-
ing.

The transmitter teet set consists of 2 racks of equipment and the
necessary plugs and receptacles. Test set dimensions shall be: '
depth, 25 1/2 inches; width 42 1/8 inches; and height, 77 1/2 inches.
A smooth writing surface shall be sttached at desk height to the fromt
of the console. The transmitter test set provides input signals and
output monitoring to check the FM transmitters for proper operation.
The test equipment shall be manually opersted and cepsble of isolating

malfunctions to a part or group of parts. It shall be independent of
all other equipment in operation.
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The tester iz capsble of the following functions:

&. Providing the necessary operating voltages.
b. Providing the required inpui stimuli

¢. HMessuring the outputl power

d. Recovering the modulating waveforms

2, Heasuring static and dynamic deviation

f. Determining overall irensmitier efficiency

The test set is capsble of providing AC, DC, anéd puised inputs to
the transamitter and displeying visually both the input and the
depoduleated output waveforms. The transmitter under test and a
dummy load is mounted in an RF shielded drawer to prevent unwanted
radistion. The test set is capable of supplying 0-36 volts, 10
emperes DL powsr from esch of two separate sources. Dynamic regu-
lation shall be .01% or betier and ripple shall not exceed 1 milli-
volt rms. The test set 1s capsble of supplying 3 types of imput
signels to the transmitter under test.
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&. A DC signal of 0-1,000 volts
B. An AC sigmnal of 250 cps to 100 XC frequency .
e. A pulsed signal of 20 cps to 2 mc repetition rate.

The test set measures RF power up to 60 watts in the range ofﬁals o
265 me with an sccuracy of 5%. A transmitter dummy loed cspeble of

-
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dissipating up to 90 watts of power is provided. The load is completsly
ghielded and non-radiating. It is mounted within the transmitier test
drawer. The test set i1s equipped with a digital type frequency meter
capable of messuring freguencias’up to 510 mc. A deviation sester ls
provided for operation in the 215 to 265 mec range. It is capable of
deviation messurements up to 150 KC deviation with an accuracy of 3%.
In sddition, a demodulated output 1s provided. A volimster is provided
capsble of messuring both AC and DC voltages up %o 500 volie with am
sccuracy of .05% for DC and .2% for AC messurements. The test set kas
an oscilloscope capable of displeying boih input end outpul wevelorms

simnltansously.
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Appendix B

DESCRIFPTION OF EACH OF THE ITEMS TO BE TESTED
8

VOLTAGE CONTROLLED SUBCARRIER OSCILLATORS

%

The VCO is a solid state unit which is designed to accept amplitude
modulated information over a wide frequency, with frequency deviation

.

around the standard Inter Range Instrumentation Group {IRIG) sub-

carrier frequencies. The mixed output signals from a group of sub-

carrier oscillators will be of sufficient level to drive a wideband

amplifier.

SLOW SPEED MULTIPLEXER UNIT

The slow speed multiplexer unit is an encoded time commutator unit

?

for vibration data.

Inputs:

a. 5 VDC reference
b. O to 5 VDC input on 2 or  lines per channel

c. 24 to 32 VDC power

Outp@ts:

a. 5 volt pedestal .1 to .3 seconds wide
b. Output line and input data are on 2.5 volt pedestals

CENTRAL CALTBRATION ASSEMBLY

This unit is used in conjunction with the FM/FM telemetry. It functions

as a calibration control end a reference signal source for subcarrier

oscillator units. The unit provides up to 6 outpute to energize the

calibration relays in each subcarrier oscillator unit at the appro-
priate time and applies a O to 100% sequence of calibration steps to

each subcarrier oscillator unit.



Inpute:

a. Calibrstion commands 28 VDC
b. Inflight/preflight commends 28 VDC, 5 VDC reference

GCelibration (lamp Levels:

a. O to 10°VDC

b. 24 to 32 VDC output

c. 28 VDC or O VDC,on time TOO XC (6 lines)

d. Calibration buss 1.25, 3.5, 3.75, £.00 VDC

e. Level duration 140 milliseconds, 6 times per command

CENTRAL CALIBRATION COMMAND DECODER ASSEMBLY

The Central Decoder assembly will be capable of accepting 12 calibra-
tion command signal lines. The signal lines shall be parallel digital
coded in 3 groups to ldentify 27 racks, 20 channels, and 3 modes of
operation. Six binary coded signel lines shall identify the racks
and 2 the modes of operation. Three binary coded and 1 trinary-céded
lines shall identify the channels. Signal input voltages shall be
zero, +8 volts, and +27 volts; representing binary (trinary) O,
trinary 1/2, and binary (trinary) 1, respectively.

The Central Decoder sssembly will decode the rack and mode input
command signals and geperaste the required output command signals.
The assembly shall function as a distribution point for the chasnnel
comnand signals.

The.Central Decoder assembly will provide 32 output command signal
lines. These will conaist of 4 channel, 1 mode, and 27 rack command
signal lines. The rack lines shall be binary coded and each line
shall identify 1 of 27 racks. The output signsl levels on the rack
lines shall be +22 volts for an unselected rack and zero volis for s
seiected rack. The mode line shall be trinary coded, with each state
identifying 1 of 3 modes of operation. The output signal levels for
the mode line shall be zero volts for the run mode, +8 volts for the
low mode, and +15 volis for the high mode.
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CENTRAL CALIBRATION COMMAND CHANNEL DECCDER ASSEMBLY

The;bhannel Decoder assembly will be capable of accepting 6 calibréw

. These lines will be used to identify 1

racg, 20 channels, and 3 modes of operation. A single line will
identify the reck with which the Channel Decoder assembly is associated.
TheAassembly will obey the channel and mode command signals only if e
rack command signsl is present. One trinary coded and 3 binary coded -
siénal lines will be used to identify the 20 channels. The remaining
signal line will be trinary coded and will be used to identify the

3 modes of operstion. Signal levels will be as follows:

‘a. Rack Selector

Logic O . +22 volts
logic 1 zero volts
b. Channel Selector
Logic O zero voltis
Logic 1/2 +8 volts
Logic 1 +27 volts
¢. Mode Selector
Logic O zero volts
Logic 1/2 +8 volts
logic 1 +15 volts

The Channel Decoder assembly will decode the input command signals
and, if selected,; will provide the proper output signals.

The Channel Decoder assembly will have 40 output signal lines, 2

corresponding to each of the 20 channels. One of the 2 signal lines

will be used to command its assoclated channel into the low cellbrate
The other line will be used to commend the channel into the

mode .
The absence of both the low and the high

high calibrate mode.
calibrate mode signals will command the channel into the run mode of

operation. The output signel from the assembly, on & given channel,

will remsin until that channel is commanded into another mode of

operation.



SINGLE SIDEBAND - FM TRANSLATOR ASSEMBLY

The SS-FM Telemetry System was developed especislly for vibration
telemetry. The basic gystem is exiremely efficlent, In terms of
spectrum utilization, as it provides 15 independent data channels,

each with a frequency response of 50-3%1,000 eps, in a total bandwidth
(B¥) of only 76 KC. This represents a usable data capacity approxi-
mately 10 times that of FM-FM within the same BW. SS-FM is a frequency
sha}ing telemetry system in which many individual data channels are
converted to s single sideband subcarrier, each of a different fre-
guency. 7These are combined for transmission by frequency moduistion
over an r-f link. The SS-FM Translator assemoly is inherentliy a
modular system, consisting of sing e amplifiers, modulators and filters,
which are identical in each channel. The system employs solid state
devices exclusively; hence, power consumption and heat dissipation are
loéb The applicailon <f mechanical flltering techniques and the devel-
opment of speclial filters have mede this a practical system. The imput
and output perameters are as {ollows:

.8 The input power is 28 volts +2, -l volts
b. Trensient overvoltage (Signal data input characteristics):

1. The data inputs consist of 15 channels plus 1 special
service channel. Channels 1 through 15 have 50 to 3,000
cps response. The special service channel has 20 to 1,200
cps response. '

2. The amplitude stability is stable with reference to the
pilot tone within 1 db over worse combination of specified
environments.

3. The input level changs produces a corresponding change of
output within .25 db.

L. Channel ripple caused by upper sideband mechanical filters
does not exceed 1.0 db at +25 + 39 C.

5. The individusl channel input impedence is 100 XK ohms + 3%
at 1,500 cycles in either power ON or OFF position.



d.

The input signal level is 5 +:10% volts peak-to-peak for

g full scale modulation.

The composite signal output level is adjustable between .15

and 3.0 volts peak-to-peak where all channels are ‘loaded
to 50% of full scale with non-coherent noise sources 20 to
35000 cps.

Hardline Output Isolation Amplifier

1.

8.

The hardline output isolation amplifier accepts as its in-

put signal a composite outputl signal at levels specified in .

the composite signal output requirements.

The input impedaence shall be 100 X ohms minimum for 50 cps
to 100 KG.

The frequency response is not less than the frequency
response of the second summing amplifier of the unit.

A change in gain will not exceed + 0.5 db for specified
changes in the unit supply voltage and temperatures.

At any gain setting, distortion is less than 1% at maxi-
mum rated output. The output voltage is adjustsble to 2
volts rms into a 130 ohm balanced line at an input level
as specified.

A load or no-load condition, including short circuiting,
does not cause more than + 1 db change in composite out-
put tc the FM transmitter. ‘

The output impedance of the composite signal is 4,000 ohms
meximum gt 1,500 cps. _

Individual carrier channel suppression is 30 db minimum.

The main carriler oscillator frequency is crystal controlled
at 910.025 KC i'.OOlE% and maintains this stability under all
operating conditions.

Reference Channel

L.

& reference channel ig provided as an amplitude ang
frequency reference for the system. The refsrence

&%
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frequency is 1/12 of the crystal frequency snd is summed
with the signal inputs to provide amplitude reference. A
change in pilot tone smplitude with respect to the channel
output levels with constant input levels will be no more
than 1 db. The pilot frequency shall be stable, within +
5 cycles over the specified environment.

‘ The comb filter required for selection of the second carrier

frequency is & ceramic type.
The channel to channel cross talk and distortion in any 1 channel
as measured with the frequency selective voltmeter at the outpdt
of the summing emplifier shall be at least 40O db below full scale
output when the remaining channels are loaded to 50% of full
scale output.

The AGC shall hold the output to within + 1 db of nominal out-
put level with an input signel level change of 20 db. The AGC
attack time shall be 6 milliseconds nominal and recovery time 8
milliseconds nominal.

Calibration input and control circultry is provided for each
data channel with the exception of the special service channel.
Data Source Faults

1. The units will be protected from voltage surges over 5 volt
peak-to~peak input voltagesep

2. Input voltage surges will not cause loss of data on other
channels. o

3. Recovery from input voltage surges to normal operation
will be within a minimum of 5 seconds upon removal of in-
put surge voliage.

The back current measured at the individual channel input
terminels shall not exceed 5 microamperes peak AC and DC.
The specisl service channel frequency shall be 20 cps to
1.20 XC.



IHVERTER/ CONVERTER

The inyerter/converter provides 400 cps power to the Propellant
Utilization Electronics assembly as well as a calibration signsl

t0 the
VDC at

8.
b
c.
a.
e.
£.

’

Single Sideband Translator assembly.

L asmperes.

The input power is 28

The outputs are as follows.

115 volts AC + 5%, 400 cps + 1%, sine wave
1 volt sine wave + 5%, 400 cps + 1%

2 1/2 volt p-p square wave

117 volts DC + 2%

21 1/2 volts DC + 2%

L2.2 volts DC + 2%

5 volts DC + 1%

PRGPELLANT UTILIZATION ELECTRONICS ASSEMBLY
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a.
b.
e
d.

The function of the Propellant Utilization system is to (1) regulate
the flow of oxidizer to the engine to insure a minimum residual at
burnout, (2) supply signals for accurate fuel and oxidizer loading,
and (3) provide ground and in-flight indications for propellant mass

determination.
The Propellant Utilization system consists of the following sub-

assemblies:

Sensor Assembly, Oxidizer mass

Sensor Assembly. Fuel mass
Electronics Assembly, Propellant Utilization

Valve Positioner Asseably

The mass sensors each form 1 leg of a self-balancing comparison bridge.
Variation in propellant masses, such as a variation caused by con-
sumption of propellants during flight, could cause proportional caya-
citance changes which momentarily unbalance the servo-bridges.
unb#lance signals feed amplifier-quadrature rejection circuits that

ampiify and condition the signals to drive AC servo-motors.

The
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The ﬁotors, in turn, position ganged potentiometers which produce feed-
back signals to rebalance the bridges as well as signals for loading or
in-flight telemetry of propellant masses. The oﬁtputs of other_portiops
of these ganged potentiémeters are subtracted to form a signal which
reflects the deviations from the nominal oxidizer-to-fuel-mass ratio.
This error signal is shaped to attenuate the effects of propellant
slbsh and amplified to a megnitude sufficient to drive an AC servo-
mg%or for positioning the engine mixture ratio control valve. This
motor also positions a 2-genged potentiometer for control feedback
and telemetry. The inputs to the P.U. electronics assembly are as

follows:

115 volts AC, 400 cycles + 1%
b. 100 volts + 2 volts DC
e. 5 volts + 1% DC

d. + 1 volt + 1% DC
2 volts i_l% pesk-to-peak square wave (In phase within + 20°

with the 115 volts AC, 400 cycle power source)

P4

f. 28 volts + 2 volts DC
Capacitance change (probe simulator)
Input signals to test delays in the relsys

The Digital Data Acquisition Assembly shall be capable of accepting
160 channels of parallel digital dats and 5 channels of DC or éynchra—
nized pulse amplitude modulated data, 2 channels of which are 180°
out of phase with respect to the other 3. The assembly shall multi-

plex and convert the 3 in-phasze signals and 1 of the out-of-phase
signels into a peries of 10-bit parallel digital words. An external
command shall select the out-of-phase dats signal to be accepied by
the asséﬁblye The assembly shall multiplex the converted analog

signals with the digital input signals and place the resulting signals
Two synchronization words of 30 bits each

into the proper dsta formst.
shall be generated within the assembly and inserted periodically into

the datz train to esteblish the formatl.



The Digital Data Acquisition Assembly shall perform the following
functions:

a. Programming

The assembly shall contain a crystal controlled clock and the
logic necessary to generate all gating and timing pulse rates
required by the assembly itself, and by the multiplexer asssem-
blies used in conjunction with it. The basic clock rate shall
be 288,000 pps. The programming logic shall enable the Analog-
to-Digital Converter, but the conversion shall take place asyn-
chronously with the Programmer at a clock rate of 250,000 pps.

b. PAM Multiplexing

The assembly shall contain a set of programmed switches which
time share 4 of the 5 PAM signal lines and present the composite
PAM signal to the Anslog-to-Digital Converter.

The signals presented to the swltches shall be PAM pulse trains,
each at the rate of 3,600 samples per second (s/s), and each
having & duty cycle of 50%. The pulse trains shall be synchron-
ized with one another and with the Digital Data Acgquisition
Assembly. The timing shell be such that 2 of the input signals
are 180° out of phase with respect to the other 3.

The progremmed switches shall be gated in such a manner that
each of the 3 in-phase signal lines is seampled one-third of the
time and the selected out-of-phase signal line is sampled one-

€ half of the time. It shall be possible to sample either of the
out-of -phase signal lines upon the application of an external
mode command signal. The output of the programmed switches sheall
be a PAM wave train at & rate of 7,200 s/s and having a duty
gyele of 100%.

c. Analog to Digitel Conversion

The assembly shall contain an Analog-to-Digital Converter (anc)
vhich accepts the sampled analog input at a rate of 7,200 s/s
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and converts 11 to0 g series of parallel digitsl words st the
The conversion process shall take place upon

sage word raie.
Commends shall recur at s raté of

ommand of the programpmer.
T,200 pps and shall be synchronized with the programmed switches.
These commands shall ensble the clock in the ADC. The conver-

sion process shall then tske place asynchronously with the
The ADC shall operate on

programuer at & rate of 250,000 pps.
the half-split principle (successive approximation), with the
conversion taking a maximum of 60 microseconds. At the end of
this time the ADC clock shall be dissbled. It shall remain
disabled until the mextt command from the programser. Dufing
this period the digitsl equivelsnt of the analng sample zhall

be avallable at the ADC output in pesraliel digitsl fuem.

Ditritel Buffers and Hegisters

The assembly shsll contain bufizrs and registers capable'of
accepting 100 channels of bi-level or parallel dligital data.
The buffers shall process the data in 10 groups of 10 channels
each; each group being the equivalent of 1 ADC output word.
Groups shall be processed in either of 2 ways. Some groups
shall be buffered and shifted into magnetic core registers
(MCR's) upon command of the programmer. A "Program Patch"
shall make 1t possible to shift the data groups into the MCR's
in a programmsble menner.

The MCK' s shall provids DU iszolation of the dste sourcer and
ine dats shell be resd From

Lemporary storage of the dats.
The program

temporary storage upon command of the programesr.
patch shaell permit the groups 10 be inserted into the format

in 8 programmap}e manner, and shall thué esteblish the sampling
rate for each bi-level group.

Other bi-level groups shall be buffered and read directly into
the format with no DC isolation or temporary storage. The
program patch shall sgain permit the groups to be inserted into

the format in & programmsble menner.
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Frame Identification

& uniqgue 30-bit code word shall be generated within the assembly
to provide a mears of synchronizing external equipment with the

PCM output. This word is the "Sub-Frame" synchronization word.
It shall be avallable to the formast logic in parallel digital '

form as three groups of 10 bits each; each group being the
The 3 groups shall be inserted’

equivalent of 1 ADC output word.
Provision shall be made

a8 the finsl 3 words of each sub-frame.
for complementing the sub-frame synchronization word correspond-

ing to every thirtieth sub-frame. The 30-bit word thus generatéed
is the "Major-Frame" synchronization word and serves to mark the

end of the major-frame.
Provision shall be made for programming the sub-frame synchroniza-
tion word so that any desired 30-bit code word and its complement

may be used for synchronization.

Digital Multiplexing and Formating
The assembly shall contain the logic required to time multiplex
the parslleled digitsl outputs of the Analog-to-Digital Converter,

the digital buffers, the magnetic core registers, and the frame
The digital multiplexing and formating

fO

identification logic.
shall be performed by a parallel storage register (PSR) in

conjunction with its associated loglc gates. The logic gates

shall be connected in such a way that the PSR can accept its
input from any one of the signal sources.. The programmer shall
determine which signal source is to be sampled by the PSR,
during any word time, asnd shall command the logic gates accord-

ingly. The programmer shall thus dictate the word time into
which each dsta source is to be inserted.

The parsllel digital word stored in the PSR shall be made
avallable £o the serializing logliec and to an output connsctor

for use in dlgital tepe recording.

&F
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g. Seriglizing and RRZ Output Logic

Logic shell be provided to convert the sequence of parsllel
digital words stored in the PSR to a serisl digital pulse train
having en BRZ (S) format. This pulse train shall modulate a
voltage controlled oscillator and shall be buffered and pro-
vided on an output connector for use as a modulating input to
the PCM/FM transmitter. The output of the voltage controlled
oscillator shall be provided on a comnnector for twinaxial
connection to the ground DDAS.

FM TRANSMITTER

The FM transmitter consists of a crystal controlled oscillator, multi-~
pliers, amplifiers, and modulators which will allow 5S/FM, PAM/FM/FH,
PCM/FM data transmission.

The FM transmitter is operated from a power source of 24 to 31 volts DC.

The input current required by the FM transmitter is 1.3 amperes or less.
The input signal to the transmitter shall be one of the following:

a. A mixed F¥ signal from a wideband amplifier driven by a group
of subcarrier oscillators having center frequencies of 400 cps
to 70,000 cps. The level of the mixed signel shall be sufficient
to swing the output frequency + 125 KC.

b. A blt-rate of 72,000 bitzs per second and a non-return to zero
(WRZ) coding. The level shall be sufficient to deviate the
transmitter + 125 KC.

The design of the transmitter iz such that the power retwrn is isolated
from chassis or case ground. The minimum insulation resistance as

‘measured between power return (-28 volts DC) and the transmitter case

shall be 50 megohms at + 50 volts DO,

An input of 1.25 volts, rms amplitude shall cause the trensmitter to
deviate at least + 125 KC but less than + 150 KC under all operating
and environmental conditions.
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COMMAND DESTRUCT RECEIVER AND EBW DESTRUCT SYSTEM CONTROLLER

lli

The EBW destruct system controller contains all the necessary circuits

to control 1 set of equipment required for destruction of the Saturn

vehlicle system.

It controls a command destruct receiver, EBW firing

unit and necessary signsls to the véhicle system for thrust termi-

nation.

The controller 1s universally epplicable to all stages of the

Saturn vehicle and can be adapted for either manned or unmanned,

orbital or nonorbital flights.

The command destruct receiver is a 10 channel crystal-controlied FM

receiver.
and internally wired for logle-controlled outputs.

The 10 decoder channels are tuned to standard frequenciles
The receiver is

used to provide a destruct arm command, destruct command, and command
destruct receiver cutoff command to the EBW destruct system controller

during the flight of the Saturn vehicle.

12.

EBW FIRING UNIT

The EBW firing unit is installed in the vehlcle and consists of a

high voltage power supply, an energy storage unit, and a switch and
trigger circuit. The trigger circuit shall operate when stimulated
by its associsted trigger signal. The input to the EBW firing unit
is + 28 VDC. The firing unit shall cperate within reguirements in
2k to 32 VDC. The voltage on the 1.0 microfarad storage unit is

2,300 + 100 VDC. A damped sinusoidal wave is the output.

JUENCER ASSEMBLY

The sequencer 1s & switching device capable of turning ON or OFF all
loads requiring control after liftoff. These loads are turned ON or
OFF ae & function of time, ground commsnd, and/or the state of the
vehicle as indicated by pressure switches, liguid level sensors, stc.
A single version of the sequencer will include the capability of

controlling both the S$-IB snd S-5 missions.



The transmitter 1s capsble of being tuned within + k mc of any
specified fregquency without requiring factory adjustments or special

tools.

The drift of the transmitter unmoduleted output freguency shell be
less than + 0.0l per cent for 30 minutes following a 3-minute varm-up
pexriod.

The transmitier genersted noise shell be egual O or less then + 3 KC
peak-to-peak under all operative and environmental conditions and
less than + 1 KC under an ideal laboratory condition.

The transmitter non-linearity of the output signal frequency swing
versus input signal megnitude for any subcarrier frequenéy shall be
less than + 1 percent of 125 KC from the "best straight line” drawn
through the date points. The "best straight line” is defined as that
line which minimizes the deviations between it and the actual per-

formance curve.

The modulator frequency response of the tresnsmitter shall be within
+ 1.5 db from 30 to 100,000 cps.

The FM transmitter output amplitude modulation shall be less than 5
per cent under all operating and envirommentel conditions, specified.

The transmitter shall meet the requirements of its specification when
operated into & load with & standing weve ratio of 2.5 to 1 or less.

The transmitter shall have an output of 3 watis minimvm into the
specified load under all operative snd environmentel conditions
speclified.
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There will be 111 lines aveilable from the switch selector. A pulse
will sppear on 1 line at = time, on command of a computer in the
Instrument Unit. The pulse will have & minimum duration of 20 ms,
end ¥ill have a magnitude of 28 ta volts. Pulses can follow each
other at & meximum rate of 10 pulses per second, and will deliver.a
maximum current of 100 ma. The power source for the pulses is the
S-IVB main (forward) bus.

There will be 16 inputs to the sequencer from pressure switches,
temperasture swiiches, and liquid level sensors. All these sgensors
are two-state devices that will show either an open circuit or 28 ti
VDC to the sequencer. The current capability of all sensors is st
least 100 ma. into an inductive load. .

There will be 1 input from esach of the 2 range safety systems. These
are open circuit or 28 tﬁ VDC signals, capable of driving a 2 amp.
resistive load.

There will be 1 input from the stage below S-IVB. This input will
drive an interlock relsy to block any engine start signals received
before separation. )

There will be 2 inputs from the aft umbilical ceble, via the aft

control distributor, to control the fuel vent velve independently of
the flight control path.

Measurement outputs to the Digital Data Acquisition system will be
isolated from sequencer circuits by 10 K resistora. Measurements
will be made at the following outputs:

’

&. Engine start

b. Change ullage ignition
¢. Fire ullage ignition
d. 1750 pounds ulliage

e. 150 pounds ullage

The sequencer will not be packsges. The modules will be attached
directly to a penel of the vehicle, along with mounting brackets to
hold the connectors.

A



DESCRIPTION OF RACH OF THE AVAILABLE AUTOHAT

Appendix C

IC TEST EQUIPMERTS

NORTRONICS 8P-84

L]

The SP-8A is identical to the ¥avy's sutomastic Mark L1bh test set which
iz manufactured by Fortronice and used in the Polaries program. The
following features are listed:

G,

d.

e R

Self Test - & speclal punch tape is used to exercise the 8P-84
and to verify the operative conditions of its own circuitry.
The SP-8A indicates malfunctions of its system by means of
frent panel function lights. '

Tape search - an automatic search for component test on a sec-
tion of the punch tape is provided. In addition, single-frame
advance is provided to allov frame-by-frame selection of the
test procedure.

Base of Tape Program Changes - test procedure changes can be
accomplished on sight by means of a tape preparation unit.

All portivms of the tape not undergoing changes are repro-
duced automatically in & matter of minutes.

Teat Interrupt - on an out of tolerance condition in the equip-
ment under test occurs, the test sequence stops, visual "HI

or LO" indication are displayed on the indicator control panel,
and an audible alarm is sounded,

Manual Override - the operator may actuate the manual over-
ride switch which causes the tape reader to proceed to the
next test, sequence., A test override indicatiom is automati-
cally printed on the output tape, when the operator exercires
the override optien,

Naintenance Consideratiom - parts are replaceable without in-
terference from, damage to, or removal of adjacemt parts.
Drawers are mounted om tili-lock chesels slides and may be
serviced from the fromt of the system. A minimum of disassen-
bly ind discommectior is requirsd %o remove dravers from the
enclosure.
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Electrical Design Cons{derations - the logic circuitry is an
optimum marriage between solid state and conventional design
Electrical functions are packaged in & mechanically modular
fashion.

Expandability - the test set capability may be expanded by
adding to the stimuli, test points, and.me&suring functions
with & minimum amount of console wiring changes.

Manual Control - manual control of the automatic functions are
provided. The manual functions are divided as follows:

1. Programmer controller

2. Automatic stimuli and service eéuipment

3. Manual section

1.1 Program Controller

The programmer-controller controls the tape test program, selects the
tebt points, converts the signal value to digital form, compares this

measurement with predetermined tolerances, and prints the measured

value. A description of the various drawers in the programmer con-

troller is given below:

3

Comparator - the comparator is used to determine the compliance

a.
of the measured value with established high and low limits:

This determination is accomplished by complimentary addition
of the measured value and the tolerances in binary-decimal

form.
Indicator and Control - the indicator and control provides

the functions of light indication, in line display, and man-

val control.
Indicator - the indicator contains en in-line readout on which

the following information is presented.

Test seQuence number

8

Type of measurement

1

2

3. Measured velue
N

5

- HI-GO-1LO indication
WAIT (to indicate & programmed delay)

.

73
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Manmusl Control ~ the following manual control Punciions are
provided on the indicator and conirol panel:

1. Power OR-OFF

Hanuel Automatic - the MARUAL-AUTO switch will determine
+ the method of test set operation.

3. Tape Search - the TAPE SEARCH switch will cause the tape
to advance to & preselected point. ’

L, Manual Override - the MANUAL OVERRIDE switch allows the
operator to bypsss a HO-GO test and to proceed with the
sequence.

5. Measurement Repeat - the MEASUREMENT REPEAT pushbutton
will reset the digital multimeter or frequency counter
and permit & measurement to be repeated without changing
the test parameters.

6. Start - the START switch will initiate the advance of the
tape.

T. S8top - the S8TOP switch will cause the tape to stop.

Test Point Selector -~ the test point selector connects the
circuits in the unit under test to specific circuiltzs within
the test set to the digital multimeter. Meximum flexibility
is provided by allowing any individual test point of two
groups of 100 input test points, each to be connected to the
digitel multimeter.

The Digital Multimeter - an analog to digital converter is
provided to measure enalog functions selected by the test
pojnt selector. Ranges are selected by the programmer and
timer module for measuring the following functiona:

1. DC voltages
2. AC voltages
3. Peak voltage

4., Resistance

Frequency Counter - the frequency measuring cepebllity of the

frequency counter is in the range of 1 cycle per second to 1
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megacycle per second., The input may be either pulsed or al-
ternating. The voltage amplitude of the input is 1 millivolt
minimum to 100 volts maximum. Programmed attepuetors reduce
the input voltage level to that required for the measuring
circuitry. The time bese generator is a 1 megacycle tempera-
ture-stabilized crystal oscillator with a freguency stability
of 3 parts im 107 per week. This frequency is counted down
to obtain the time intervals from 1 microsecond to 1 second.
Input amplifiers are provided to allow frequency ratio meas-

urements to be made. The resultant measured frequency is in- .

dicated by four digits in decimsl form.

h. The Programmer-Timer - the programmer-timer controls both the
test set and the unit under test during automstic operation.
Information is sequentiallx introduced into the test set by
means of an eight-bit punched tape fed into a tape reader.
The tape address and command code,is converted into binary

and decimal codes which are transmitted to the various drav-

ers for control purposes. Upon receipt of a feedback signal

from the drawer being controlled, the programmer advances the

program tape to the next frame. The programmer-timer also is

capable of establishing and monitoring time delays.

A cannister containing the punched tape is mounted on.the
front panel of the programmer and timer drawer. The cannis-
ter is capable of handling & 4O foot roll of tape, 1 inch in
width, and enables the tape to be fed into the programmer in
a continuous loop. The cannister protects the tape from dam-

age during operation, transportation, and storage.

Printer - the printer provides a permanent record of test re-

i,
sults. As each measurement is completed, the measured value,
test number, type of measurement, and indication of compliance
or non-compliance with tolerance limits are printed on a 3
inch wide paper tape.

J. Power Distribution - the power distribution drawer distri-

butes ac and dc prime power to the test set and provides

75
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overlosd protection for the prime power source.

Primary Power SBupply - the primary power supply, with an in-
put of nominal commercial 60 cycle power, is capable of sup-
plying 3 programmable voltages of 2L4.5 volts de, 26.5 volts

de, and 28.5 volts dc. Short circuit protection is provided.

Regulator AC line voltage - an ac regulator is provided that
is capable of supplying the basic ac input power from the pri-
mery unregulated 115 volt, 60 cps power input. The ac regu-
lator provides an ac output at 115 volts + 0.3% with & var-
iation of input voltage of 103.5 to 126.5 volis ac.

Automatic Stimull - the automatic stimuli consists of & group
of items under control of the programmer-controller which
supplies necessary stimulation to the unit under test. Stik-
uli includes & variety of voltages and frequencies. Several

conversion devices required for special types of signals ere
included.

Special Circuits - a special circults drawver provides stimu-
lation of specific functions of the unit under test and cir-
cuits necessary for special snd seldom used tests. It coam-

tains an exclusive "OR gate”, an operational amplifier with

appropriate attenuators, a multivibrator to stimulate solid-
state logic circuitry, a servoamplifier simulator circult, a
hydraulic valve simulator, end a 26.5 volt, 40O cycle inverter.

Low Voltage Power Supplies - 1 fixed and 6 programmsbdble low
voltage power supplies are provided. The fixed power supply
has an output cspability of 1 ampere at 12.0 + 0.48 volte dc.
A maximum of 40.5 volis dc is delivered by the drawer. The
programmable power supplies have outputs of O to 36 volts dec.
Four of these varisable power supplies deliver their output

in 1 volt increments while the remaining two supplies deliver
their outputs is 0.5 volt increments. Voltages of less than
10 volts can be programmed to an accuracy of 1%. Voltages
greater then 10 volts can be programmed to an accuracy of 0.5%.



e

e

AC Signal Generator - an ac signal generator provides frequen-

cies at 2, 10, 80, 100 and 800 cps in several ranges.

High Voltasge Power Supplies - Two prognammable.high voltage

power supplies provide voltages within the range of 10 to

100 volts de, in 10 volt increments. An additional supply

provides an output within the range of 10 to 109 volts dc,
in programmed 1 volt increments. Each of the 3 power supplies
delivers 100 milliamperes. The accuracy of the programmed

voltages is within + 1%.

Service Equipment - the following types of equipment are pro-

vided as service egulipment:

1. The equipment necessary for connecting electrical output

signals from the "Unit Under Test" to the SP-BA test set
measuring equipment.

2. The electrical loading.

The signal conditioning equipment (sensors).
of these sensors are accomplished by means .of a program
This board is the interface Eetween the test set
Stimuli, loads, switching

Connections

board.
and the system to be tested.
and test points are interconnected on this bosrd by the

use of patch cords. When the program board is inserted

into the test set and the necessary adaptor cable has been
connected to the test specimen, the test "setup" is com-

plete.

Connector Panel - a connector panel 1s provided for the con-

8.
nection between the program board and the "Unit Under Test".
In addition, other jJacks and comnectors are provided for the
purpose of using bench type test equipment and silmuli which
ray be patched in for special testis.

t. Program Board Psnel - & program board is used &8 an elscirl-

cal interface between the test set and the "Unit Under Test”.
Interconnection of stimuli and test points for the "Unit Un-
der Test" 1s & function of the preogram board. The program
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board also may contain specialized test circultry such as

semiconductors, resistors, capacitors.

Control Relsys - control relays sre directed by the prograsmer
and time module to apply stimuli to the "Unit Under Test”.

The control relays also are used to control bench type meas-
uring equipment or stimull used for speclal or seldom used

tests.

Manual Section - the manual section conteins stimuli as well
as the manuel control station for controlling tests. Hanual
stimuli consists of stimuli not under control of the program-

Stimull are adjusted by the operator to pro-
A mamial test

mer-controller.
vide maximum diagnostic testing capability.
ma; be performed by en operator at this station while another
operator conducts an automatic test using the other sections.

During the menual mode, the test point selector may be uti-

lized to select various test point settings. The digital mul-

timeter and frequency counter also may be used during manual

mode for measurement purposes and evaluation of results ob-
]

tained.

A manual control panel contains panel meters, voltage output
Jacks, voltage control knobs, an ac monitor selector, a de-
monitor selector, & measurement repeat switch, a variac, and
a Tunction and value in-line indicator, which may be switched

in parallel with the programmer-controller in-line readout

when desired. Connections to & variable ac source and a 6.3

volt ac transformer can be made at the manual control panel.
Two menually controlled high voltage power supplies sre pro-
vided, Each power supply is capable of delivering from 10 to
110 volts dc at 100 ma max. The power supplies msy be connec-

ted in series. Power supply regulation is + 0.1% at the man-

ual control panel.

v, Program Board Storage is provided.

x@

The adapter panel connects electronic subassemblies under
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test to the test set.

Special cables are provided for self-test and acceptance tests.

1.2 gSystem Operation

a.

During automatic testing, & punched tape proéram controls
the SP-8A Test Set functions, automstically, as follows:

1. Appropriate interconnections are made for each test.
Stimuli functions are initiated. P
The upper and lower tolerance limits of the measurement
to be made are stored in the comparator.

L. Stimuletion is applied to the “Unit-Under-Test".

S. Range and function selections are made on the digital mul-
timeter or frequency counter,

6. Time delays, when required are established to allow for
wvarmup or accomplishment of & phase of operation in the

© unit under test.
7. The command to measure is given to the digital multimeter

or frequency counter.

Coded information from the tape reader goes to the control
circuits in the programmer-timer module. The information is
in binary coded form. The initial part of an information se-
quence is an address, and the following parts of the same se-
quence are commands. An address establishes.the circuilt paths
necessary to control the functions of a selected portibn of
the SP-8A. With circuit paths chosen by the address, commend
voltages are applied by the programmer module to cause the
addressed module to perform various functions. Each module,
or in some cases each of several functions within a module,

is assigned an address ‘number. For example, address 13 ad-
dresses the ac signal generator, thereby closing circuit paths
to the high and low limit memory circuilts in that module.
Spare addresses are available for selection of stimull which
may be added to the test set,
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C.

Commends to apply stimulation signals to the eguipment under
test are issued to modules with specific functions in the
gutomatic stimuli seciion. In operation, & command signal
from the progremmer module is issued to actuate & relay in
the control medule. Contact closure of that relay applies
the stimulus signal through the program board to the connec-
tor and/or sdaptor panel and hence to the "Unit;Under-Test".

Evaluation

Signals from the Ynit-Under-Test are applied through the test
point seiector circuits to the digital multimeter or the fre-
guency counter. For each test measurement, high andrlév lim-
its are transferred from the punched tape and stored in the
comparator memory. Then the measured (digitized) Jélue is
presented by the measuring instrument to the comparator, a
comparison is made between the measured value and the measure-
ment limits. In addition, an eveluation signal (HI, LG, GO)
is generated by the comparator.and transmitted to the indi-
cator and display module, the printer, and the programmer and

timer unit.

To determine if the tested’circuits in the equipment under
test are operative, high and low limits are included on the
program tape. The programmer applies date representing these
directly to the comparison circultry in the comparator. When
the signal from the equipment under test is measured, it is
compared with the previously esteblished limits, and the con-
dition of the circuiltry is immediately determined. Circuit
condition information is fed from the comparator through the
indicator-control to the printing and visual display circuits,

Autcamtic Test Interrupt

Programmed test sequences proceed automatically and without

interruption if the equipment under test contains no out-of-

tolerance conditions. If an out-of-tolerance condition does

occur, the test sequence stops, & visual "HI or LO" indication



is displayed on the indicator-control panel, and an audible
alarm is sounded. The system will not proceed to the next

test sequence until the out-of-tolerance condition has been
corrected by adjustment, or by manual override. Actuating the-
manual override switch permits the system to proceed to the
next test sequence, thus permitting further isclation of la-
tent malfunctions in the equipment under test prior to replace-
mént or repair of & single faulty component. It alsoc causes

a test override indication to be made on the printed tape.

Test Results Information

Test results are printed for each test, thereby providing a

permanent record. The following information is printed.

The test sequence number,

The type of measurement such as ac, dc, frequency.
The measured value.

Location of decimal point.

An indication of HI, LO, or GO. )

Vo W e

The measured value is displayed on the inline readout after

the digital multimeter has completed the measuring process. .
The readout is displayed during the manual mode of operation

until initiation of the next measurement, and for an out-of-

tolerance condition during the automatic operation. The test

sequence indication range is from 000 to 999. The type of

measurement is indicated in symbol form as follows:

1. Alternating current AC
2. Direct Current plus (+) or minus (-)
3. Reslstance ‘ kilohms (X)

L. Frequency/count/time/period/ratio f£/c/ t/p/fr

The digital indication of the measured value is displayed as
8 b-digit number from units to thousands with proper decimsl
location. The comparator decision of the measurement 1s in-

dicated as HI, GO or LO. WAIT appears on the readout until

g1
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, & programmed time delay has elapsed.

THE CTI MODEL 235, AUTOMATIC TESTER

Ly

The first CTI Model 235 system was put into use et Horth American,
Space and Information Systems Division, Downey, Calif., in support

of the Hound Dog missile program. The CI1 235 uses the coacept of .
separating complex electronic test requiremsnts into 2 separate areas
of comsideration, il.e., into the solution of the electronics switching
requirements and then the sctual measurements. Transferring this
concept into actusl hardware, the 235 system allows for additional
inputs, expansion of the number of points.the inputs are switched to,
stimuli, power supplies, loads and measurement subsystems.

2.1 System Programming

The CTI 235 System is programmed with the same techniques used for
programming digital computers. A series of set-up commends, general
instructions such as stop, reset; make teat, ete., and special test
inst&uctiona are used to operate this machins. These easily under-
stood logical instructions are represented in the machine by 2 decimal
numbers, a 0 to 7 digit and & O to 15 suffix. System input can be
accomplished manually on 2 numbered dials or automstically with a
single line 8-hole paper taps reader. A Model 220 resder is normally
used as the system iaput with one hols uged for parity check; however,
the system can be drivem from sny standard computer input.

2.2 System Switching

A Control Unit, Model 272, is used to provide the sequencing of the
analyzer. It steps the reader, routes the information to the other
portions of the system, carries out the general instructions, checks
a code, orovides a tape search functlon, and initiates the next step
of a sequence after recelpt of a signal that the previous step is

completed.

A Director Unit, Model 271, is used to route program data for test set-
up, including any relsy sequences, stimuli, loads and measurements, and



subsystem selection. The director unit also addresses the system
Test Switech Units, Model 270, that provide connection to the Unit-
Under-Test. A Model 271 Director Unit routes a & bit code to =wny
of 240 places. This capacity is expandable by the addition of Qp
to 10 director units for a total of 2,40C subsequence locations.

The dire;tor unit controls a Parameter Unit, Model 276, to apply the
required system stimuli parameters to the Unit-Under-Test through
the test switch unit. Required stimull include any couwbination of
power supplies, oscillators or loads that can be programmed directly
by a redistance value. One parameter unit will control up to 1%

system stimuli, depending on the resolution required.

The CTI Model 279, Measure Control Unit, controls the measuring in-

struments and integrates their operation in the system. This'unit

routes the proper control inputs to each unit associsted with measure- -

ment, keeps track of decimal point location, and gates the measure
value to the comparstor and printer. Thils unit is normally used with
a digital counter, a digital volt ohmmeter, and a digital printer for
output purposes. Its design must be compatible with the digital meter

and counter selected.

The measure select unit is used to select accessory conversion devices
used for specific measurement requirements, such as a DC amplifier,
AC-DC converter, ripple detector, etc. The basic 277 selects up to
elght accessory conversion models, and up to eight additional measur-
ing units.

2.3 System Measurement

The measurement cepebility of the CTI Functional Analyzer consists

of a counter, to measure frequency, time intervals, period, frequency
ratio, and count with a digital output, as well as a 4 digit digital
volt ohmmeter. DC voltage is used as the basic measurement parameter.
Accessoryaconversion units are provided for special measurements, in-
cluding a DC amplifier with a gain of 100, a 0.25% accuracy AC-DC
converter, a pesk-to-peak ripple volisge converter, and a DC Hi-pot

leakage converter.
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The measurement section digital output is used to drive the CT1
Model 278 Digitel Compasrator (5 digit) with the measured value sig-
nal. The CT1 Model 278 Comperstor stores upper and lower test lim-
its which are obtained directly from the paper tape vise tne director
unit. On commend, the 278 comparator compsres these three numbers
and emits a HI-LOW-GO signsl to the szystem indicators, the printer,

and the control unit.

A digital two color printer is used as s standard system output.
Standard record formet provides the first three columns for test
number, one column for decimal point location and five columns for

the actual measured value. Rejects are printed in red.

2.4 Switching to the Unit-Under-Test

The Unit-Under-Test receives stimuli from snd prc&ides test signals
to CTI Model 270 Test Switch Unit. A single switch unit module se-
lects any group of 10 wires out of 120 from the "Unit-Under-Test”
simultaneously, Any number of sdditionel switch units or speciasl
multiple modules can be added for special purposes. With 2 switch
units, either 20 lines out of 120 or 10 lines out of 2L0 may be se-
lected. With L switch units, 40 sut of 120 or 10 out of 480 lines

or 20 out of 2L0 lines may be selected, and so on. Special switch
units would be used to meet applications which might be experienced
if completely random access high frequency switching were necessary,
such as in logic card or module testing. Using the Standard CTI
Model 235 Functional Analyzer configuration with only one test switch
unit, ten lines are available for simulteneous operations. BSeven of
these lines are used for signal stimuli, one is a spare, and the re-
maining two are required for two wire signal measurement by the meas-
urement portion of the system.

2.5 Stimuli

As described previously, expanding the number of test switch units
and directbr unite allows the uee of any mmber and type of stimuli,
to the system under test. They may be added at any time. The gténaa
ard 235 system and its initial configuration provides the following
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stimuli that can be programmed directly from the input paper tape,

either directly or by the Model 276 Parameter Unit.

a. Two each 0-50 volts DC supplles, 0.% veits steps, 500 ma, -.5%
stability.

b. One each ¥ixed jvo vol: DC supply, 500 ma, 0.05% stability.

c. One each O0-1C< miliivolt supply, 1 mv steps, 2% accuracy.

d. One each 0-150 volts AU rms, 1 voit steps, 700 ma., frequency
350-450 cps in 1 cps steps, voltsmge stability 0.25%, frequency
stability 0.2 cps.

e. One each L-8 volt AC rms, 0.0k volt steps, 150 ma., 40O cps,
voltage stability 1%, frequency stability 0.2 cps.

f. One each phase shifter to provide & 4 to 8 volt AC output ref-
erenced from the high voltage AC supply that is shifted 0.2 to
180 degrees, 180.2 degrees to 360 degrees in steps of less than
1 degree.

g. 28 volts DC and 110 volts AC, 400 cps, 3 phase power plugs sre
provided at front psnel plugs. Power can be OFF or ON by the
input tape.

h. The parameter unit is a general purpose unit used to'easily
adapt stimull and special circuits to the tester. It is com-
posed of nineteen printed circuit card holders and five terminal
boards. These terminal boards aretused to mount programming
resistors for commercisl power supplies or other stimulil, or
"gpecial circuits required for proper operation of any particular_
system. These programming resistors are selected or cqntrolled
by the printed circuit relay cards as directed from the tape.
Specisl circuits such as the Milliveolt DC Supply and Phase Shifter
Amplitude Control can be contained in the parameter units. The
unit can also be used to provide controllable load resistors.

2.6 Measurement Capability

The fdllowing measurement capsbilities are expressed as s percentage
of full scale:

g5
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3. ‘DIT-MCO MODEL 610A AND T20A

.

“

8. VDO: 0.1 mv to 999 volis at 0.014
VDOt (Low level) 1 mierovolt to 9.999 mv, 0.03%, 5 microvolt

ghablility
b, VAC: 1.0 mv to 999.9 volts at O.1%
c. Resistance: 0.1 ohm to 999.9K ohms st 0.05%

d. Leakage: DC Hi-pot at 500 or 100 volts DC, 1 to 300 megohms,
. at 3% tJd 150 megs and 6% to 300 megs.

e. Ripple: 0 %o 100 mv, pesk-to-peak, at 2%

f. Freguency: 0.l cps to 1.2 me, 3 parts in 107 stebility

g. Time Interval: 1 microsecond to 107 geconds

h. Frequency Batio: O to 105
i. VDC Ratio: O to 999 at 0.01%

. the interface selected by the customer.
ual, digital printer or electricel typewriter, punched tape, punched

cards, or into the input buffer of a computer.

‘3.1 DIT-MCO Model G104

:Frcgramming is by punched tape, punched cards, or computer buffer;

Information readout is vis-

Test capacity con-

aists of 100 to 500,000 circuit terminations, in 1000 termination

inerementa. It has the following msasurement capabilities:

a. Low Voltage Continuity Test

l. Programmsble current tests of 0.1, 0.5, 1.0, 2.0, 2.5

amperes.
Programmeble continuity resistance tests of 1 - 10 oﬁgs,

2.

in 1 ohm steps; 10 - 100 ohms, in 10 ohm steps; %00 - 1,000
ohme, in 100 ohm steps; 1 K - 10 K ohms, in 1 K ohm steps;
10 K ~ 100 K ohms, in 10 K ohm steps; 100 K - 1 megohm in

r
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100 K ohm steps.
Test voltage is a function of programmed test current’

and continuity resistance rejection limits.



High Voltage Leskage Tests:

Test current limited to 1 ms meximum.

Programmasble Test Voltages of 100, 250, 500, 750, 1000,
1250, 1500 volts DC.

Programmable Leakage Resistance, with minimum acceptance
values 200 X - 1 megohm, in 100 K ohm steps; 1 megohm - 10
megohms, in 1 megohm steps; 10 megonm - 100 megohms, in

10 megohm steps; 100 megohms - 1000 megohms, in 100 meg-
ohm steps.

Short test 1s simultaneous with leakage test.

Input power requirements are 95 to 125 volts AC, single phase,
60 cycle.

The following are additional options:

1.

Manual override, provides manual insertion of test pro-
egraming.

Self-Programming, generates non-redundant "as-built” pro-

gram from standard unit. '

Externalization - 100 termination module, 28 volts DC and/

or 115 volts AC, LOO cycles, expandable in 100 terminations

increments.

Four-terminal measurements, for checking extremely low

values of continuity resistance:

Resistance value print-out, provides print-out of faulty

circuit resistance.

Inside-out tape spooler, eliminates tape rewind on tape

programmed units.

Non-standard program codes, for codes other than NAS.

Meter panel, built-in meters to read test voltages and

test current.

Dwell time, optionel dwell times of 0.1 sec. to 1 second

in 0.1 second steps; 1 sec. to 10 second in 1 second steps;

10 sec. to 100 second in 10 second steps; 100 sec to 300

second in 100 second steps.

87



3.2 DIT-HCO Hodel T204

The model T20A is an auvtomatic Logic Circuit Tester which will rapid-
1y snd sccurately test and eveluate packaged modular circuiis and
plug-in solid state circuit modules or cards. It operates on a HI-
GO-10 besis. Feil-safe static tests are performed on either active
or passive circuits. Progrésming flexibility allows isolatiom of
circuits within the "Unit Under Test” to facilitate location of de-

tected errors or component f&iiures.

Acceyt or reject decisions are controlled by tolerances programesd
for each measured parameter value. Connectlions are provided to ac-
cept external losds, signals, pulses and detectors which can automs-.
tically be svitched into the test circuits by means of programing.
Modular construction ie used throughout. It bas the following test
capabilities:

2. IC voltaeges may be applied and/or measured:

1. 0 te 0.999 volts in 0.001 volt steps
2. 0 to 9.00 volis in 0.0l volt steps
3. 0 to 39.92 voltes in 0.1 wolt steps

b. Current Measurements:

1. 0 to 99.9 microamps Full Scale in 0.l microamp steps.
‘2. 0 to 999 microamps Full Bcale im 1 microsmp steps.
3. 0 to 9.99 milliamps Full Scale in 10 microemp asteps.
L, 0 to 99.9 milliampe Full Scale in 100 micros=mp steps.
5. 0 to 999 millismps Full Scale in 1 milliamp steps.

¢. Resigtance Measursments:

l. 0.01 to 9.99 ohms in 0.0l ohm steps
2. 0.1 to 99.9 ohms in 0.10 chm steps

3. 1 to 999 ohms in 1.0 chm ateps

b, 10 to 9,990 chms in 10.0 ohm steps

5. 100 to 99,990 ohmzs im 100 ohm steps
6. 1K to 999 K omms in 1 K ohm steps
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Seven DU pover supplies are provided in the basic tester.

All
of the power supplies are selected by programming. Six of the
supplies are separate, regulated sources pre-set by the oper-

ator. The seventh 1s & programmeble supply which takes on

values as programmed. Three digit voltage values from 0.001

volt to 39.9 volts are provided.

The following eight dwell times in sféps from O to 1 second
are programmable.

1. 200 milliseconds

2. 300 milliseconds

3. k40O milliseconds

L. 500 milliseconds

5, 600 milliseconds

6. TOO milliseconds

7. 800 milliseconds

8. 1 second

At minimum dwell time, 2 to'5 tests per second with one pin
configuration per sst-up is the tgsting speed.
The capacity of the standard tester is 22 pins. The model
720 can be expanded to 88 t=st pin terminals, in 22 pin in-
crements.

r

HUGHES AIRCRAFT COMPANY, HCM 111A VERSITAL AUTOMATIC TESTER

The HCM1114 testing system provides the flexibility of elther tape-
control or computer-control.

This is accomplished without equipment
change.

For problems that are simple enough to be solved sstisfac-

torily by tape-control, the machine may be programmed like any tape-

controlled machine., For problems that are better solved by computer-

contiol, computer control prograﬁa may be inserted by the same test
tape. Both modes of control may be intermixed on the same tape.
Pure interval storage of programs may &lso be used.

The BCMI11A test system is completely moduler and may be expended in
building-block fashion, permitting the user to buy only the capacity
needed. The basic unit consists of a tape readgr, power supplies,
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and a digital processor. This basic unit can be used "as is" as a

fast digital computer.

A wide wariety of modular bullding-block in-

put-output devices may be plugged into the basic unit to meet varying

requirements.

These input-output building blocks range from a simple

one for wire checking, to high speed waveform analyzers, fast accur-
ate analog outputs and high frequency counters. In large installa-
tions with demanding regquirements, multi-station simultenecus time-
shering logic and million bit memory bullding blocks may be attached
as desired. '

The HCM111A Specifications are as follows:

a.

b.

IC voltage measurement of

l.
2.

0-1, 2, 5, 10, 20, 50, 100, 200, 500 volts Full Bcale.

Input impedance - up to 100 volt scale, 100,000 ohms per
volt. 100, 200, and 500 volt scales,
10 megohms

Accuracy: + 1% including quantization error.

Buffer Freqguency Respomse: 0-500 cps.

A/D Conversion Time:
KC rate.

100 microseconds, repeatable at 6

Connections: ¥Floating differential, up to 500 volt peak’
common mode permitted on any scale.

Voltage Measurement:

Types: Non-Phrase-Sensitive, In-Phase, and Quadrature.
Input Impedance: (in parallel with cable capacitance) Up
to 100 volt scale; 100,000 ohms per volt.
100, 200 and 500 volts scales: 10 megohms.
Ranges: 0-1, 2, 5, 10, 20, 50, 100, 200, 500 rms Full

8cale,

Accuracy: + 0.2% including quentization error.
Frequency Range: 50 - 5000 cps at full accuracy; to 10,000
eps at l%{&ecur&cy,

A/D Conversion Time:

100 microseconds, repeatable at 6
KC rate.
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Flosting differential: up to 500 volis peak

Connection:
common mode permitted on any scale.

Method: 2 terminal

Ranges: 0-100, 1 X, 10 X, 100 K, 1 megohnms

Accuracy: + 0.2%
Buffer Frequency Response To Time - Varying Resistance:
0-500 cps

A/D Conversion Time: 100 microseconds, repeatable st

6 KC rate

%h OR-OFF Response Measurement indicates to the program the
;nput voltage if from & low-impedance source, and + 50 volts
if from an open source. Normally used to distinguish ground,

bpen, and + 28 volts.

Frequency Measurement:

0 - 10,000 cps

Range:
1 - 500 volt peak

2. Voltage:

3. Waveform: Any
L. Gate Time: Any (increments of 100 microseconds)

Input Impedance (In parallel with cable capacitence):

10 megohms

Measurement of ratlo of any pair

Voltage Ratio Measurement:
of voltages (DC, AC, AC In-phase, AC qpadrature) with input

properties as shown for individual volteges, mbove.

Time Measurement:

1. Range: Any
Granularity:
Voltage: 1 - 500 volt peak

.U, Waveform: Any
Input Impedance (In perallel with cable cepacitance):

100 microseconds per step

o

10 megohms

#1
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Parallel Digltal Messursment:

1. Lesvels:
2. Parallelism:

Zero and positive, or ground and open
12 bits per sample

Serial Diglital Measurement:

l. Levels;
2. Clock Rate:
3., Clock and envelope waveform:

Waveform Analysis:

Basic
k1

Zero and positive, or ground and open
200 KC

supplied by tester.

1. Bandpass: 0-500 cps
2. Sampling Rate: 0-6 KC

3. Accurascy:
L., Connection:

5}5. Type of Waveform:

0.1% voltage, 0.005% time
Floating differential, up to 500 volt pesak

ccnmon mode permitted.

8ingle transient or repetikive

0.1% voltage, 0.005% time

Type of Waveform: 8Single transient or repetitive

. Option #1
1. Bandpass
2. Sampling Rate: 6 KC
3. Accuracy:
h,
Option #2
l. Bandpasa: O - 20 mc
2. Type of Waveform: Repetitive
3., Bample width: 10 nsec

Sample spacing: Any
Accuracy:s 2% voltage, 0.5% time

k. OH-OFF or Parallel Digital Stimulus

1.
2,

Parallelism;
Basic type:

10 bits per word
SPIY relay contect, floating
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3. Basic capacity: 500 volt maximum; 2 amp resistive at
115 volts AC or 28 volts DC

Optional

Type: Semiconductor switch to ground
2. Capacity: + 100 ma, + 40 volts

3

Fast DC voltage Stimulus
]

1. Use: Waveform generation, stimulus control, entry of
’ tester into servo loops, direct DC stimulus

2. Range: 8 volts IC

3. Accuracy: + 0.1%

L, Slewing speed: 2000 volt/sec. 3

5. Updating interval: 100 usec

Digital Processing Capabilities

1. Tape speed: 300 characters per second, reversible
2. Tape code: Any
3. Tape style: 8 level paper or mylar

Computer Control Mode:

l., Speed: Basic 33,000 operations per second with split mem-
ory or separate program memory: 69,000 operations
per second.

2. Word Size: 24 bits including sign

3. Orders: 12 bits

TQE AN/GJQ-9
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The AN/GJQ-0 is an autometic programmer for checkout sequencing of
subsystems and systems for test. It is designed to provide by use
of a perforated tape a flexible program for automatic controlling
any subsystem test program or checkout sequence that may be required
by a weapon system as applied to aircraft and guided missiles. The
automatic programming control is provided by a network of logic and

?



B4

memory clroults thet are Jolned togethsr through a switching complex.
The various oparationsl elsaments to sutosmstiocslly seccomplish the re-
quired test sasquence are prograssed by s binsry roded tape reader

and decoding system.

The automatic programming control coatalns the following basis func-

tions:

. Selection of propsr stimuli control channels to be applied to

the system under test.
b:. Belezetlion of measurement channels for connection to the propsr
test pointg Iin the system under evaluation.
Direction of appropriste meagurement &nd evaluation devices as
to the type and range of measuremsnts to be made on the selected

test points.
d. Introductlon of time deleys as required for proper functioning

of the system under test.
Selection and insertion of proper meagurement tolerances into
3

limit storage devices.
L ]
f. Regulation of program continuation, as required, based upon

results .of evaluation and meesurement functions or temporary
hold program conditions as dlrected by the tape.
g. Actuation of visusl and printed readout devices to reflect
test and test status dats as required.

5.1 M$asurement and Evaluation Capability

The meésurement and evaluatlon capability shall be provided baseically
by & binary coded network wherein & parallel comparison ls made of
éach ﬁest point messurement value by a digital computation process,
%ith both high and low tolerance limits simultaneously. The resultant
@ecision is provided as a GO or NO-GO output signal. The messurement
. tand svaluation system shall include the necessary range selsction,
fvoltage rectification, and signal conversion facllities, as well as
{1imit storage devices to mccomplish the Following functions related

¥
»
N

;to the measurement and evaluation capabilities:

f
f a. Selection of type and range of measurement to be made on any
¢ N
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test point signal as directed by the tape program.

b. Normslization of test point signals to signals compatible for
use by the measurement and ev&luation system.

¢. Conversion of analog - measured values into digital numbers

for comparison with stored, digital vpper and lower test value

limits.
d. Storage of upper and lower digital test limits as directed by

eautomatic programming.
Digital comparison of measured value with stored test limits.

Provision of evaluation results as visual or printed resdouts

as required.

5.2 Measurement Capability

Manual programming capability is provided as well as auto checking
of tape Information by odd parity and complete logic self test pro-
visions.. The time, frequency, voltage and resistance measurement

capabilities are as follows:

a.* DC voltage Measurement

1. Ranges: .999, 9.99, 99.9, and 999 volts DC.

2. Input Impedance: 100,000 ohms/volt, 10 meg. maximum

3. Accuracy: * 0.1% of range, 1 digit maximum

L. Resolution: 1 part in 1,000
i 5. Analog to digital conversion time: Lesk than 100 micro-
» seconds

6. Capacitance between differential input leads: Less than

3000 picofarads.
7. Capacitance between input leads and ground: balanced to

within + 10%.
b. AC voltage messurement

1. Ranges: " .999, 9.99, 99.9, 999 volts AC
Indication rms velue of sinusoidal voltage: 1.1l times

average value of nonsinusoidal voltages.
3. Input Impedance: 100,000 chms/volt, 10 megohms meximum

75
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Frequency Renge: 600 to 10,000 cps.
Accuracy: + 1% of range, 1 digit maximum, from 60 cps to

5 KC.

Besolution: 1 part in 1000
Anelog to digitsl conversion time: Less than 90 milli-

seconds
Capacitance between differential input leads: Less than

500 picofarads.
Capacitance between input leads and ground: Balanced to

within + 10%.

Voltage Ratio Measurements:

lO

External }eference signel ranges

0.1 to 1.0 volts

1.0 to 10 volts

10 to 100 volts

100 to 500 volts

Reference signal: AC or IC

Input Impedance: 100,000 ohms/vol;., 10 meg. méximum
Frequency range: 60 cps to 10 KC

Response Time: 90 milliseconds

Accuracy: AC + 1% of range, 1 digit maximum 60 cps to 5 KC

DC 0.1% of range, 1 digit

Resistance Measurements:

Voltage ' Current ‘
Range Open Circuit Short Circuit Accuracy
0-100 ohms 1.0 volt 10 ma 14
0-1,000 ohme 1.1 volt 1.1 ma 1%
0-10,000 ohms 10.0 volt 1.0 me 14
0-100,000 ohms 100.0 volt 1.0 ma 1%
0-1 megohm 300.0 volt 0.3 ma ‘3%

Freguency Measurements

1.

Range: 0.1 cps to 1.0 mc
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2. Auxiliary Timer:
Ranges: 1, 10, and 100 sec.
Gating Times: 0.01, 0.1, 1.0, 10, and 100 sec.
Gate Accuracy: 0.001% )
3. Input voltage: 1.0 volt minimum, 500 volt maximum (DC or
peak AC)
L, Input impedance: 100,000 ohms/volt
Input Waveform: Pulse (1.0 volt/second minimum rise time).

f. Counter-Timer:

1. Maximum count: 6 decimal digits
2. Maximum counting rates: 1 megacycle/second
3. Input Waveform: Pulse (1.0 volt/sec. minimum rise time)
L, Input impedance: 100,000 ohms/volt
5. Timer interval oscillator:
Frequency: 100 or 1,000 cps
Accuracy: 1.0 pulse per minute
6. Ranges: 993, 9990, 99900, and 999000.
T. Output Readable: Four ranges, three digits at a time.

5.3 Program Control Capacity

The programming set 1s capable of selecting up to 200 test points for
measurement which includes 100 channels for system stimuli control.
The control and selection logilc capacify is capable of selecting:i
maximum of 2,000 test points for measurement and 300 stimuli control
channels. All switching required to acécmplish the automatic pro-
gramming is accomplished by a network of logic and memory circuits.
These circuits are designed to operate on & synchronous basis using
flip-flop controlled gating elements. The triggering source for
driving the flip-flops to accomplish the simultaneous switching is
provided by the system clock at a rate of 4,000 cps.

. GENERAL ELECTRIC AND MARTIN MARTETTA MODULE TESTERS

The General Electric and Martin Mariettsa Module Testers were designed
to perform automstic test of analog and digital logic modules. This



inecludes the complete range of digltael and analog module cards.

THE DMEC DIVISION OF HEVWLETT-PACKARD AUTOMATIC SYSTEMS

The Model 58LLC Automatic Waveform Measuring System is & system for
measuring dynamic parameters of transistors, diodes, magnetic cores,
high-speed components and circuits. The main features are as follows:

&. Simultaneous digital display of rise, fall, delay, and storage
times, diode reverse recovery times, pulse widths of any pulse
waveform either repetitive or transient.

b. Makes pulse amplitude and pulse area measurements and provides
sutomatic nominalization of all pulse amplitude and displays
digitally in any b4 parameters.

¢. Binary outputs from the decades for easy recording and "00-

- RO=GO" comparison.
d. Resolution up to 1 pert in 10,000 or 50 picoseconds.
&, Provide real time testing at clock rates to 100 me.

The DY-6100 i & voltage scanning system that is used for automatic
medsurement of multiple DC or AC voltages. The main features of the
DY-6100 are as follows:

a. Provides dlgital measurements of DC voltagesz from .00l volts
to 750 volts.

b, 8canning rate at 50 single wire or 25 two wire inputs, with
scan limit control. 4 )

¢. All measurements are printed on paper tape Qith channel ident-
ification numbei.

d. The noise rejection is bk db at 60 cps.

e. Accuracy is + 0.2% of resding + L digit from 50 cps to 50 KC.

£, Input impedance is 1l megohms.

g. Response ig 50 cps to 100KC, AC voltage measurement with op-
tional AC converter.

The DY-2010A is & data acquisition system used for digital mesasure-
ments of analog inputs, even under noisy signal conditions. The
main features of the system are:
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Accurste digital measurements of DC inputs down to 0.1 volt
Frequency measurements from 10 to 100,000 cps.

AC voltage measurements from 50 cps to 100,000 cps

Resistance measurements from 100 ohms to 10 megohms full scale.
Provides g 105 db effective common mode rejection of all

noise frequencies for DC voliage measurements.

Automatic scanning of 25 three wire inputé% expandable up to
100 channels.

Completely self programming capability for selection of type

of measurement, range, etc.

The model DY-2010D is another data acquisition system with the follow-

ing main features:

a'

Measures directly up to 200, three wire thermocouple and -
strain gage signals in the presence of high common mode noise.
Records the measurements on perforated tape in computer-com-
patible format.

Provides continuous recording at 110 characters/second and
provides 606 channels/minute measuring rate. )
Better than 130 db effective common mode rejection at all fre-
quencies, including IC. ‘ .
Provides a choice of 600 one-wire, 300 two-wire, 200 three-
wire or 100 six-wire inputs. |

Input impedsnce 1 megohm on.1l volt and higher ranges. 100 5

on 0.1 volt range.

In addition to the above package systems, there asre available the
following digital instruments for packaging:

8.

Model DY-2911 Quarded Crossbar Scanner is a multi-channel in-
put scanner where high nolse rejection 1s required.

Model DY-2901 Input Scanner/Programmer provides automatic
multi-channel, low-level input scanning.

Model DY-27h2 Digital Data Translator permits graphical plot-
ting of digital information from punched cards or perforated

tape.



d. Model DY-2545 High Speed Tape Punch Set permits recording
digital information on perforated paper tape.

e. Model 2540 Coupler scans input data, translates it into code
and format required by various data recorders.

f. Model 2533/6 One Line Digital Displays are available for
visual display of digital information in electironic instrumen-

»

tation systems.

g. Models 2532A and 2538 Digital Comparators compare measurements
mede with electronic counters and digital voltmeters with
preselected or determined limits.

h. Model DY-2500 Computing Counter is available for measurements
of frequency, period and frequency ratio.

1. Model DY-2530 Binary/Decimal Reglster stores and translates
parallel data for entry into card punches, comparators, and

. displays.

J. Model DY-2460A Amplifier is a widband high-gain amplifier
with plug-in versatility.

k. Model DY-2LO1A Integrating Digital Voltmeter is a 5 digit
visual readout voltmeter of high accuracy to 300 KC.

1. Model DY-2410A AC/Ohms Converter is a programmable AC volts
and ohms to DC converter. '

From any of the above instruments, a system could be assembled which
would be digital in operation for memory storage, and tape programmed
or computer controlled with scratch pad memory similar to the Hughes
Model HCM111A. It would be capable of doing the testing required for

the stage components.

AIRCRAFT ARMAMENTS, INC.

This automatic test set was designed for use with the AN/MPQ-36 Nike
Simulator System. This test set has the ability to test individusl
modules, such as, IF amplifiers, video amplifiers, servo amplifiers,
digital logiec circuits, and electromechanical servo assemblies. The
test set is intended primerily as an automatic device. It is also
possible to control the test set equipment by manual controls. The

controle were designed for convenient manual operstions by the



operator in order to allow concentration on test analysis rather

than on the control aspects:

The test set stimuli are listed as follows

a. DC POWER SUPPLIES

Voltage

150 volts

I+

i+

150 volts

I+

300 volts

+ 300 volts

6 volts

i+

12 volts

|+

16 volts

1+

2k volts

-+

28 volts
50 volts

|+

+ 500 volts

Accuracy
1%
1%

.;%

Current

200 ma

200 ma

200 ma

200 ms,

1 amp

1C0 ma

100 ma

Range

130 to 165 volts in
5 volt steps

130 to 165 volts in
"5 volt steps

125 to 300 volts in
25 volt steps

260 to 330 volts in
10 volt steps

4.0 to 8.0 volts in
1 volt step

9.0 to 16.0 volts in
1 volt step

15.0 to 22.0 volts in
1l volt step

18 to 32 volts in 2
volt stepa

fixed

programmable in .5
volte steps from O
to 50 volts

programmable in é
from O to 500 voltis

3



b. AC POWER

Voltage Freguency Current

120 VAC + 10% 40O cps + 5% 3 A, 1 phase

120 VAC + 10% 60 cps + 5% 5 A, 1 phase

120 VAC + 10% 60/400 eps + 5% 54, 3 phase (b wire
’ wye connected)

6.3 VAC + 10% 60/400 eps + 5% 2 emp supplies

11.8 VAC + 10% 400 cps + 5% 20 W, .3 phase

26 VAC + 10% LOO cps + 5% 20 W, 3 phase

69.3 VAC + 10% LOO cps + 5% 20 W, 3 phase

120 VAC + 10% 400 cps + 5% 20 W, 3 phase

6.82 VAC + 10% 400 eps + 5% 20 W, phase B and C

30 VAC + 10% 40O cps + 5% 20 W, phase B and C

20 VAC + 10% 40O cps + 5% 20 W, phase A = 180°

90 VAC + 10% 40O cps + 5% 20 W, phase A + 180°

120 VAC + 10% LOO ecps + 5% 20 W, phase A + 180°

¢, SIGHAL SOURCES

1. Pulses 2 pulses .1 usec to 900 usec wide + 5%

PRF: 10 c¢ps to 90 KC
Delay: 1 usec to 9,000 usec
between pulses
Amplitude: 50 volts into 90 ohms + 5%
attenuvated from O to
59 db in 1 db steps

|+

2. Audio .01 eps to 100 KC + 3%
(8ine or
squarevave ) Amplitude: sine wave, 3.16 V rms + 3%

squarevave, 1 volt ianto
600 ohms attenuated from
0 to 59 db in 1 db asteps
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3. FKF Generator 50 XC to 96 mc in 7 bands + 25%
Amplitude: sine wave, 1 V rms
into 50 ohms
attenuated from O to
99 db in 1 db steps

HOTE: KRF output pulse may be modulated by .25 to
5 usec wide external inpygt pulse.

4, Remp 102, 103, 10“, 102, volts/second
Voltage ramp of O to plus or minus
10 volts and O to plus or minus 100
volts. Ramp starts at sync input.

The measurement system consists of many lnstruments and devices.
Various combinatlions of these aré used in order to perform each type
of measurement which can be made by the test set. For each measure-
ment the proper devices are interconnected by relays controlled by
the loglc system. The following represents the test sets' measure-

ment capability:

a. MEASUREMENT CAPABILITY

Measurement Range Accuracy | Input Impedance
DC volts 1V + 1% FS 100 K floating
1v + 1% FS 1 meg
10V + .1% FS 1 meg
100V + .1% FS 1 meg
1000 V + 1% FS 1 meg
AC volts 1V + 1% F8 1 meg floating
1v + 1% F§ 1 meg
Max. of 750 10 + 1% FS 1 meg
volts rms 100 Vv + 1% Fs 1 meg
1000 v + 1% FS 1 meg

W03
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Measuremant

Ohmsg

FF volts

80 XC to
100 me

Frequency

extender

Pericd

Time
Interval

Renge Accurscy
-1 K + .15% FS
1K + .15% FS
10 K + .15% F8
100 X + .15% FS
1 meg + .15% FS
10 meg + .5% FS
1 -3 mv + 10% Fs
3 - 10 mv + 10% FS
10 - 30 av + 10% FS
30 - 100 mv + 10% FS
100 - 300 mv + 10% FS
300 - 1000 mv + 10% FS
1 -3V + 10% Fs
10 eps to 100 XC + .02% of
(.1 to 750 volts) reading
+ 1 count

10 XC to 25 me (.1

to L volts)

25 me to 80 me (.1 + .02% of

to 4 volts) reading

mixer frequencies + 1 count

309 L"o) 507 609

TO me

1 ussc to 100 sec. + .3% of

(.1 to 750 volts) } reading
(with &
60 dv sig--
nal to neise
ratio)

1 usec to 100 sec. + .02% of
reading

+ 1 count

Input Impedsnce

Floating, input
negative with re-
spact to return,
max. of -20V across
input terminals

Greater than 10K
and less than 3 PF

100 K ohm shunted
by 300 FF

50 ohms

50 ohms

100 XK ohms shunted
by 300 P¥ :

50 ohms



Measurement

Phage measure-
ment time
difference
between O volt
crossing of 2

gine wave forms

Pulse Amplitude

Measurement

Pulse Width

Pulse Train

Voltage Pick

Off (time from

to until voltaege
reaches a pre-
determined level)

Average voltage
peasurenents
(average ab-
solute value

of voltage over
10 sec or 100 sec
period)

20 cps to

.1 to .3 volts
.3 to 1 volt

1l to 3 volts
3 to 10 volts
10 to 30 volts

.1 usec to 1
usec. 1 usec to

10 usec

1 usec to 100

gecond,

0 to 300 volts

.1V to 1,000
volts in steps
of X10 frequency
.0l to 100 cps

Accuracz

+ .59+ .1

usec.

10% FS
10% FS
10% FS
10% Fs
10% FS

I+ b+ 1+ 01+

10% FS
10% FS

I+ |+

+ .02% of

‘reading

+ 1 count

+ 20 milli-
volts

+ 2 usec

+ 5% FS

Input Impedence

greater than 100 K
ohms

50 ohms

50 ohms

50 ohms

200 K

100 X ohms

05
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Measurement Range

Input Impedarnce

Measurement a) 60 db RF amplifier These items may ! -
(10 to 100 mc) used to increase
b) RF pulse detector the sensitivity or
¢) Probe and amplifier for righer input
’ (puise signals) impedances to the
(3 meg input) measurement circuitls.

The test set loglc controls the operation of the test set in the auto-

matic mode of operation from information obtained from the program tape.

This information is in the form of characters and numbers all of whizh

are found on the typewriter keyboard.

up of a series of these operations.

a.
b.

n

m.

ne.

Module Test Search
Instruction Subroutine
Stimuli Control Subroutine
Measurement Control Subroutine
Switching Control Subroutine
Test Subroutine

Test Adjust Subroutine
Evalustion Subroutine
Standby Subroutine

Delay Subroutine

Print Subroutine

Fault Isolation Subroutine
Step Humber Subroutine
Paragreph Humber Subroutine

These test operations are made

These subroutines are as follows:

The programming of the tests is an important part of the overall test

equipment design and requires & significant effort. Operators with

very little training will be quite capable of preparing programming

tapes if provided with the necessary information, but the test set

design of comprehensive tests requires capable programming personnel

with circuit design experience.



Appendix D

LISTING AND DESCRIPTION OF STAGE MECHANICAL AND PHEUMATIC COMPONENTS

1. Mechanicgl and pneumetic components are listed as follows:

Qty/Stage

N R I I I R

| nd

DN H DO

I I

Part Ho.

1A48240-1
1A48257-1
1A48312-1
1A49591-1
1449590-1
1A4k9983-1
1AL9988-1

1A49993-1

1A49989-501

1AL49398-1
1A49992-1
1A49989-1

14583451

1449982-501-1

1A58347-1
1akgk21 -1
1A49423-1
1A49968-1,
1AL996kL-1
1Ah9965”l:

1467913-1
1A5T350
7851861-1,
78518441,

-501

~501

=501

Title
Valve, Fill and Drain
Valve, Vent and Relief, Fuel Tank
Valve, Vent and Relief, Oxidizer
Valve, Relief, Fuel Tank
Valve, Relief, Oxidizer Tank
Separator, Vent, Zero Gravity

Valve, Directionsgl Control, Fuel
Vent

Module, Fuel Tank Pressurization

Module, Repressurization, Propellant
Tank

Module, Cold He Fill

Module, LO2 Tank Pressurization

Module, ﬁepressmiza.tion,
Propellant Tank

¥odule, Pneumatic Power Conmtrol
Module, Actuation Control

Module, Control, Engine Pump Purge
Pump, LH2 Aux. Mtr. Driven, Chilldown
Pump, LO2 Aux., Mty, Driven, Chilldown
Valve, Propellant Tank Shut-off
Valve, Swing Check Chill System

Valve, Solenoid, Shut-off, Chill
System )

Valve, 1O, Chilldown, Mir. Container
Module, He Fill

Disconnect Assy., Fuel (SIB) Pre-Press.
Disconnect Assy., Cold He Fill

s
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2.

Qty/Stage Part No. Title (contd. )
7851823503, 505 Disconmect Assy., He Fill
1449958-1, -509  Discommect Assy.

1449958-507, -513 Discomnect Assy.

1A49958-501, -509 Disconnect Assy.

1Ah9958-503, ~-511 Disconnect Assy.

OO\

A description of six representative components with their respective
test requirements sre as follows:

a. Oxidizer Tank Vent and Relief Valve

The Oxidizer Tank Vent and Relief Valve, DAC P/N 1A48312, provides

for both venting and pressure relief in the oxidizer tank. The
asserbly includes two position indicators and a helium pressure
actuator. The actuator is used to pneumatically open the valve and
assist its return to the closed position. Control of the helium
actustion pressure is not ar integral part of the valve, One position
indicator indicates the open position of the valve, the other the
elosed position.

The valve shall open in g maximum of 0.1 second after solemoid
actuation and shall close in a maximm of 1.0 second .upon release of
actuation pressure. ¥low rate of 20 #/second at 44 psia with oxygen at
~297°F and outlet pressure at sea level ambient. The relief function.
of the valve has s maximm cracking pressure of 4l psia end a minimum
reseat pressure of 37 psia. At 31 psis the minimm flow rate is 3,8
1b/sec at sea level ambient outlet pressure.

This valve is tested as item I-T on the Saturn'IB/V S-IVB Test Plan,

SM 41412 and JWO 0039 of EWO 26131. In addition to the operational test
described below, this valve receives g Proof, Burst, Axisl Load, Shear;

Bending Moment, Vibration, Acceleration, Thermal/Vacuum, Leekege, Flow,

Shock, Crack snd Reseat, High Temperaturé, Humidity, end Repeated Cycle’
Test.

(1) Operational Test:
The valve is stabilized st ~300°F for this test. Test the opening and



closing times and position indicator switches by applying and removing
a 475 psig helium gas pressure to the "open" port. _ Test the cracking
and reseating pressures by graduslly applying ~300°F nitrogen gas to
the inlet port until the valve cracks open. Then permit the pressure
10 decay until the wvslve resegts. The relief valve flow rate is tgsted
by epplying snd maintaining QEOOOF nitrogen gas to the inlet port at
29.3 psig while checking flow rate gt the outlet port. Flow rate of
the venting function of the wvalve regquires epplying and maintaining
~300°F nitrogen gas to the inlet port at 21.3 psig while spplying 475
psig helium to the actuator "open" port. The flow rate is checked st
the outlet port.

b, 10, Tank Pressurization Control Module

2
The 10, Tank Pressurization Control Module, DAC P/N 1449992 controls

the pressurization of the Loa tank. As the tank pressure builds wp or
decays, the tank pressure control switch closes and opens the normally
open by-pass valve in the module. Formally a percentage of cold helium
shell be heated in the heat exchanger and then be mixed with the cold
heliwn before entrance into the tank. If the tank pressure builds up,
the pressure control switch shall close the by-pass valve, thus reducing
the amount of cold helium passing through the heat exchanger.

The module contains a filter, a pressure regulator, a pressure switch,

two solenoid valves, three removable restrictors, a check valve and ANDLO0O50
bosses for component and Tlange leak check. The module shall be usesi for
high pressure, cold helium, pressurization control in the oxidizer tank
pressurization system. A plenum chanmber shall be provided. It shall

be welded titenium alloy or stainless steel sphere with two flanged
openings having a minimum volume of 250 in3 with working temperature range
of -423 to +160°F and system pressurs of 1600 psig.

This module is tested as item I-3 on the Ssturn IB/V S-IVB Test Plan

SM k1412 and JWO 0020 of EWO 26131. In addition to the operational

test described below the module receives g Proof, Burst, Vibration,
Accelerstion, Thermal Shock, Electromsgnetic Interference, Thermal/
Vacuum, Leskage, Flow, Shock, High Temperature and Repeated Cycle Test.
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(1) Operational Test:

The module is stsbilized at «423°F and the back-up pressure switch
electrically disconnected except as noted. The testing medis is
-423°F helium gas. .

The check valve is tested by gradually applying pressure 1o the inlet
by-pass port until the check wvalve cracks open. By applying 3100 psig
to both inlet ports and energizing the solenoid valve with the proper
vdc the valve mgy be tested for current draw and operation.  Connect
electrically the solenold valve and back-up pressure switch. By
capping all ports and applying pressure at the by-pass inlet the
operation of the solenoid wvglve and back-up pressure switch can be

‘tested. The gas flow through the module, regulsted by the orifices,

18 tested by supplying the module with -400°F high pressure helium
and checking the flow rate at each of the two outlet ports. The by~
pass valve is energized and the adjusted flow rates tested.

¢. Pneumgtic Power Control Module

The pneumatic power control module, DAC P/H 1A583L45, regulates the
ambient helium from the Eﬁa tank re-pressurizstion storage supﬁly
that is used to provide power for the various stage valves and purge
modules., Helium is stored at 3100 psig and is regulated to 490 psia.

The module contains g filter, a pressure regulator, g normslly open
shut-off solenoid valve, a 100 cubic inch plenum chamber, a pressure
switch and normglly closed 3-wsy solenold vent valve, The shut-off
valve and pressure switch are downstream of the regulator and act as

&

& back-up in case of a regulstor failure.

The module shall withstand a proof pressure of 4800 psig and shall have
& minimm service life of 1000 cycles, At 3100 psig, the external
leakage shall be less than 1 scch and the internal leaksge less than
10 scim. The pressure switch actuates at 535 psia and de-actuates at
450 psia.



This module iz tested as item J-3 on the Saturn IB/V SIVB Test Plan,
SH-b1h12, and JWO COLT of EWO 26131. In addition to the operastional
test, described below, it receives a Proof, Burst, Vibration,
Acceleration, Electro magnetic Interference, Thermal/Vécunm,
Leakage, Flow, Shock, Crack and Reseat, High Tempersture and
Repeated Cycle Test.

(1) Operational Test:

The solenoid velves are tested by removing the plenum and regulastor
and applying pressure directly to the valves., Each valve is tested
for operation at the proper vdc and current draw.

The pressure switch and shut-off valve are tested by connecting the
plemum and capping the module outlet. After connscting the switch
and valve electrically pressure is graduslly gpplled to thé ghut-off
valve (normally open) umtil the pressure switch actustes and closes
the valve. Pressure downstream is then allowed to decay untll the
pressure switch de-actuates and the valve opens.

The regulator is then re-installed and operating pressure applled %o th&i
module inlet port. The regulator is tested for lock-up pressure,
leakage and flow rate.

d. Propellsnt Tank Repressurizetion Control Module

The Fuel Tank Repressurization Control Module, DAC P/N 1A49989-501,
controls the repressurization of the fuel tank following venting and just
prior to re-start. The re-pressure control switch shall open the shut-
off valve in the module and gllow helium from the storage supply to
re-pressurize the tank.

4

The module comtains two filters, two check valves, a solenoid shut-off
valve, & solenold dump valve, a pressure relief valve, a removeble
restrictor, snd AND 10050 bosses for component and flange leak check.

The module shall withstand a proof pressure of 4800 psis and shall have
a miniwm service 1ife of 1000 cycles. AL 3100 psia the external legkage
shall be less than 1 sceh and internal leskage less than 10 scim.



This module is tested as item J-2 on the Saturn IB/V S-IVB Test
Plan, SM-41%12, and JWO 0058 of EWO 26131. In addition to the
opergtional test described below, it receives a Proof, Burst,
Vibration, Acceleration, Electromatic Interference, Thermal/
Vacuum, Leakage, Flow Shock, Crack and Resest, High Temperature
and Repeated Cycle Test,

(1) Operational Test:

Stabilize the module at anbient temperature and csp the ports to the
supply bottles. Gradually apply helium gas pressure to the inlet

port and test the cracking pressure of the check valves. Increase

the pressure to 3100 psig and test the operation and current draw of
the dump valve by epplying the proper wvde to the wvalve aolénoid.
De-energize the duwmp valve and inecrease pressure to test the cracking
pressure, flow rate and resest pressure of the relief valve, Reducf

- pressure to 1485 psig, energize the normally closed shut-off valve, and
test for proper vde, current draw of the valve and gas flow through the
regtrictor at the outlet port.

e, Fuel Tank Pressurization Control Module

The Fuel Tank Pressurization Control Module, DAC P/N 1Ak9993-1,
controls pressurization of the fuel tenk during msinstsge operation.
Hydrogen gas bled from the engine passes through s control orifice in
this module. There are two sdditional orifices in parallel to the '
mein control orifice. These orifices are controlled by a control valve
and step~-pressure vslve.

The module also contains a by-pass valve to permit pre-pressurization

of the tank direct from a ground source through the umbilical disconnect;
by-passing the control orifices., Two check valves prevent any back

flow to the engine or wmbilical disconnect.

The module shall withstand s proof pressure of 938 psig and have a
service life of 1000 cycles.



This module {s tested as item H-2 on the Saturn IB/V S-IVB Test
Plan SH-41412, and JWO 0019 of EWO 26131. In addition to the
Operation Test described below, it receives a Proof, Burst, Virbration,
Accelergtion, Thermsl Shock, Electromatic Interference; Thermal/
Vacuum, Leaskage, Flow, Shock; Crack and Reseat, High Temperature and
Repeated Cycle Test.

(1) Operational Test:

The module is stabilized at TO°F for these tests and -300°F helium

gas used as test medis. By graduslly applying pressure to the
umbilical inlet port the cracking pressure of the check valve is
tested. Pressure is increased to 600 psig end the by-pass valve tested
for opergtion with proper wvdc and current draw. Test for walve
regponse time and flow through outlet port.

Pressure is then graduslly epplied to engine port and the check valve
cracking pressure tested. Flow through the control orifice is tested
by increassing pressure to operating pressure. Operation of the control
valve and step pressure velve permit flow testing of the other two
orifices. :

f. Cold Helium Fill Module

The Cold Helium Fill Module, DAC P/H 1AL93G8, acts as a check vedve
for the ground filling operation of the eight cold helium storage spheres
located in the LHQ tank. It also contains a relief valve and dump
valve which protects the oxidlzer pressurization system between the

storage bottles and the 10X Pressurizstion Module.

The module must operate in a temperasture rangs ef_«hac to 16503 end at
e pressure of 3100 pslg. It has a minimmm helium gas flow rate of

.250 1b/sec. at 600 peis at a tempersture of -285°F, It mast withetend
a proof pressure of 4800 psis and s minimm burst pressures of 8000, psia.

This module is tested as item I-2 on the Saturn IB/V S-IVB Test Plan,
SH 41k12, and JWO 0018 of EWO 26131. In sddition to the Operation Test
described below, it receives a Proof, Burst, Vibration, Acceleration,
Thermal Shock, Electromstic Interference, Thermsl/Vscuum, Leakage,
Flow, Shock, High Tempersture and Repeated Cycle Test.

13
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(1) Operational Tests

Stebilize the module at ambient temperature and'cap the outlet
ports. Gradually apply -400°F helium gas pressure st the inlet
port and test the cracking pressure of check wvelve. Increase
pressure %o 3100 psig. Check the dump valve for required energizing
voltage and current draw. When de-energized the valve should return
to its normal position. Increase the pressure further until the
relief valve cracks open and test the flow rate through the valve,
At 3600 psig and a temperature of -400°F it should flow 40 1b/min
of helium gas.
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Appendix E
LISTING AND DESCRIPTION OF THE STAGE HYDRAULIC SYSTEMS COMPONENTS

The following list contains the subassemblies of the S-IVB hydraulic
systen which are on the lowest replaceable level for the system after
installation.

Qty/Stage Part Fo. Title
2 1A66248 Actuator Module
1 1AT8155 Accumulator Reservoir Module
1 1A662h41 Auxiliary Pump Module
1 1A66240 Engine Driven Hydraulic Pump

DESCRIPTION AND TEST REQUIREMENTS

g. Actuator Module

The actuator assenmbly is g manifold unit utilizing cartridge type
valves. It uses mechanical feedback of the actuator position
through linkage to a torque summing point in the servo valve.

Test Requirements

The actuators will undergo the following outlined tests:
1. Proof pressure testing of hydrasulic ports.

2, Electro-mechanical position and response tests
of the actuator assembly.

3. Determinastion of servo network charscteristics.

k, TFunctional test of the actuator piston position
potentiometer., ®

5. Functional tests of:

g, FPreflltration Valve
b. Piston By~-Pass Valve
¢, Piston Position Indicator
d. Bleed Sampling Valve
b Accummilator

Contains reservoir gssemblies which will undergo the following tests:

115
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1. Proof pressure testlng

2., Fresdom of motion of sccuwmlator pistom and
leakage checks

3. Leaksge test of rellef wvalves gnd quick disconnect

k, Functional test of reservoir piston position
potentiometer

¢, Auxiliary Pump Module
The auxiliary motor driven hydraulic pump is powered by a 56 volt

DC source and has a rated output of 1.5 gpm and 3150 psil meximum,
The integrated motorpump assembly combines the following principle

components:

1, ZElectric motor

2. Variable delivery pump
3. Valve manifold

b, Motor canister

S. Mounting

Test Requirements

The suxiliary pump modules will undergo the following tests:

1. Steady-state rated delivery test at maximum full-flow
pressure

2. Pressure cycling test per MIL-P-19692

3., Rated discharge pressure test per MIL-P-19602

k, Transient response test at extremes of bus voltage y

5. Check motor-pump sfter functionmasl tests for
contamination in bowl and filter,

d. Eng yen Hydrgulic Pump
The pwmp is a high pressure, piston type, varisble displacement pump.

The pwmp is the mein source of hydraulic flow and pressure for s hydraulic
ginbal system for a liquid hydrogen and oxygen engine. The pump is
directly connected to rotating engine components and functions only

during rocket engine firing.



3.

The pump will be capable of delivering a wminimum of 7 gpm while
operating at the following comditions:

Speed, maxisum - 7,000 rpm
Outlet pressure, ninimum - 3,550 psig
Inlet pressure, maximum - 150 psig

The engine driven hydraulic pump will be proof pressure tested and
subJected to a two hour functional test to determine speed-flow
characteristics and also note shaft intermal case leakage.

AUTOMATIC BEWCH TESTING OF MECHAWICAL, PEEUMATIC AND HYDRAULIC
COMPONENTS

This equipment, in Appendix D and E, does not readily lemd itself to
testing with sutomatie methods. Im fact, attempting to test these
components with an sutomatic electrically controlled test set is X
indeed, impractical for the following reasonsg

1. Testing consists primsrily of pressures, temperatures, flow
rates, leskage and mechanical motion or positioning. Because
of this requirement messurementz and stimmli are better
controlled by other than an amtomatic electronic test set,
i.e., fixtures with pressure and thermal capsbilities.

2. The majority of the test time is in set-up and not in
performance.

3. Automatlc Test Equipment for mechsnmical, pneumstic and
hydratflic components is not readily available.

k. Progressive inspection is performed on all mechenical,
prewmatic and hydranlic components throughout msmufacture
end operational testing, before and after imstsllation on
the stage. Bench functiomal testing with awtomatic equipment,
therefore, 1s mot recommended for mechanical, puneumatic and
hydraulic components.
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Appendiz ¥

LISTING OF ALL MODELS OF STAGE ASSEMBLIES FOR SATURN IVB AND'V

List of Stage Assemblies:

SATURN IB
Model Funber Sect. No. Pitle
DSV-4B-2-1 1000 SPACE VEHICLE, S-IVB STAGE
1005 IHSTRUMENTATION INSTL, STAGE
1005 INSTRUMENTATION INSTL, STAGE
1005 INSTRUMENTATION INSTL, STAGE
1005 INSTRUMENTATION INSTL, STAGE
1010 VEH STRUCTURES ASSY, S-IVB
1020 SKIRT ASSY, FWD
1023 INSTL, T/M ANTENNA CABLE SYS
1026 INSTL, R/S ANTENNA CABLE SYS
1027 INSTL, T/M & R/S ANTENNAS
1030 TANK ASSY, 102 & LER2
1075 THRUST STRUCTURE INSTL
1060 SKIRT INSTL, AFT
1080 TURNEL INSTL, EXTERIOR
1090 INSULATION INSTL, LH2 TANK
1100 MARKINGS INSTL '
1110 PROPULSION SYS INSTL, COMPLETE
1120 ENGINE INSTL
1130 ENGINE CHILLDOWN INSTL
1135 ENGINE CHTLLDOWN MOTORS
1140 PNEU SYS INSTL, AUIO LEAK CHECK
1150 MAIN OXIDIZER TANK GOMPONENTS INSTL
1160 MAIN FUEL TANK COMPONENTS INSTL .
1170
1190 PREU INSTL, MAIN OXIDIZER TANK PRESS
1200 PNEU INSTL, MAIN FUEL TANK PRESS

1205 ELEC EQUIP INSTL, STAGE



SATURN IB {contd. )

Model Humber Sect. Ho.

DSV-4B-2-1 1210
1215
1220
1221
1222

122k
1228

1229
1230
1231
1232
1233
1234
1235
1236
1238
11239

1240
1242
12k3
12k
1245
1246
1248
12hk9
1250
1251
1252
1253

Title

ELEC EQUIP INSTL, FWD SKIRT
ELECT. EQUIP INSTL, PANEL HID

ELECTRONICS ASSY, P/U
POWER AMPLIFIER, ¥

CORTROL ASSY, POINT LEVEL
TRANSDUCER

ELECTRONICS ASSY, STATIC,
INVERTER CORVERTER ’

FATRING UNIT ASSY, RANGE
SAFETY RECEIVER, EBW

MIG ASSY, COFTROL DIST, FWD

MIG ASSY, POWER DIST, FWD
RECEIVER ASSY, RANGE SAFETY
CONTROLLER ASSY, RANGE SAFETY
TRANSLATER ASSY, SINGLE SIDEBAND
SUBCARRIER OSC & AMP ASSY

DIGITAL DATA ACQUISITION ASSY
MULTTPLEXER ASSY, PRIME-HIGH LEVEL
MULTTPLEXER ASSY, B1-LEVEL

DECODER ASSY, CENTRAL, CABLE
COMMAND

CALIBRATION ASSY, CENTRAL '
RELAY ASSY, FM/DDAS

COUPLER ASSY, Bl-DIRECTIOHAL
DETECTOR, RF POWER
TRANSMITTER, PAM/FM/FM’
COAXTAL SWITCH, C/0 MODULE
TRANSMITTER, S5/FM
TRANSHMITYER, PCM/FH .
DUMMY LOAD ASSY, RF, (/0 MODULE
MULTIPLEXER ASSY, RF

POWER DIVIDER ASSY, RF, RS
POWER DIVIDER ASSY, RF, T/M
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SATURN IB {contd.)

Model Humber
DSV-4B-2-1

Sect. Ho.

1256

1258
1270
1271

1272
1280
1282

1283
1287
12%0
1292

1320
1328
13h0
1342
1360
1362

136k

1366
1369
1400
1402

140k
1405
ko7

1408

Title
HETWORK EXCITATION ASSY,
5V, INSTR

BATTERY IHSTL, FuD SKIRT - S-IB
ELECT EQUIP INSTL, LH2 ¥WD DOME
PEED-THRU INSTL, WIRING INSTR-
LH2 TANK
FEED-THRU INSTL, WIRING P. U,
ELECT EQUIP INSTL, LH2 TANK

SUPPORT INSTL, POINT LEVEL
TRANSDUCER, LH2 TANK

PROBE INSTL, MASS, LH2 TANK
SUPPORT INSTL, WIRING, LH2 TANK
ELECT EQUIP INSTL, LO2 TANK

SUPPORT TNSTL, POINT LEVEL
TRANSDUCER, 102 TANK

PROBE INSTL, MASS, LO2 TANK

ELEC EQUIP INSTL, AFT THRUST STRUC
SUPPORT INSTL, WIRING, THRUST STRUC

ELEC EQUIP INSTL, LO2 LOWER DOME
FEED-THRU INSTL, WIRING, LO2 TANK

ELEC EQUIP INSTL, AFT INTERSTAGE

SUPPORT INSTL, WIRING, AFT
TNTERSTAGE

DISCONNECT INSTL, ELECT, AFT
I/STAGE - S-IB

DISCONNECT INSTL, UPPER ELEC
BOX INSTL, EBW, S-IB-SIVB SEP
ELEC EQUIP INSTL, AFT SKIRT

DISTR ASSY INSTL, CONIROL,
AFT SKIRT

PANEL INSTL, ELECT EQUIP
ELEC EQUIP INSTL, PANEL MID

BOX ASSY - ULLAGE ROCKET'
EBW FIRING UNIT

BOX ASSY, ULLAGE ROCKET
JETTISON EBW FIRING UNIT



SATURN IB (contd.)

Model Number
DSV-4B-2-1

Sect., No,

1410
1416

T

1418
1420
142k
1380
1390
1392
139k
1396
1450
1460
1470
1510
1530
1555
1480
1490
1500
1650
1660
1680

1690

1700
1701
1702
1703
170k
1705

Title
SEQUENCER ASSY

BOX ASSY, FLT SEQ SWITCH
SELECTOR

CONTROL ASSY, POINT LEVEL
TRANSDUCER

INVERTER CHILLDOWN ELEC ASSY
BATTERY INSTL, AFT SKIRT -S-IB
DISTR ASSY INSTL, POWER, AFT SKIRT

WIRING INSTL, VEHICLE

ELEC SCHEMATIC, SYS, S-IVB, C-1B

ELEC SCHEMATIC, CONTROL SYS, C-1B
ELEC SCHEMATIC, INSTR SYS, C-1B ASV
HARNESS INSTL, CONTROLS
HYDRAULIC SYSTEM INSTL
PUMP, HYD, ENGINE DRIVER (SCD)
PUMP, HYD, AUX MOTOR DRIVEN (SCD)
VALVE, CHECK, HYD SYS (SCD)
ACTUATOR ASSY, HYD (SCD)
ACCUMULATOR RESERVOIR ASSY
VALVE, RELTEF, HIGH PRESS (SCD)
VALVE, RELIEF, LOW PRESS (SCD)
FILTER, HYDRAULIC, MAIN SYS (SCD)
INERT PARTS INSTL, DESTRUCT SYS
INERT PARTS INSTL, SEPARATION SYS

ENVIRONMENTAL CORTROL DISTR SIS~
FWD INTERSTAGE

ENVIRONMENTAL CONTROL DISTR SYS-
AFT INTERSTAGE . :

PROPULSION SY8 INSTL, AUXILIARY
MAIN SUPPORT STRUCTURE INSTL
PROP TANKS INSTL

~ ENGINE PROP LINES INSTL

PRESSURIZATION SYS INSTL
AUTOMATIC LEAX CHECK INSTL



Model Number
D8V=L4B=2-1

DSV-4B-2-2
DSV-4B-2-3

DSV-4B-2-4
DSV-LB-2-5

DSV=4B-2-6
DSV-4B-2-7
DSV-4Ba2-8
DSV-4B-2-9

SATURN V

Model Nupber

DSV-4B-1-1

Sect. No.

1706
1707
1712

171k
171l

1890
1912

1917
1920

1910
1925
1930
1935

Sect. HNo.

1000
1005
1005
1005
1005
1005
1005
1010
1020
1023
1026

Title
ERGINE INSTL
AUTOMATIC L.EAK CHECK INSTL.

DISCONNECT INSTL - AUXILIARY
PROPULSION MODULE

SUPPORT INSTL, WIRING -
AUXILIARY PROPULSION MODULE

INERT PARTS INSTL «Cl-B ULLAGE
ROCKET JETTISON

TAGE ASSY, AFT

ATTACHMENT KIT, ULLAGE ROCKETS, C-1B
CONFIGURATION

EXPLOSIVE KIT, C1B ULLAGE ROCKET
IGNITION

FATRING NOSE COVER KIT, ULLAGE
ROCKET, C-1B

ROCKET MOTOR, ULLAGE & RETRO

FATRING KIT, ULLAGE ROCKET

EXPLOSIVE KIT, ULLAGE ROCKET JETTISON
ATTACHMENT KIT, ULLAGE ROCKET FATRING

$

Title
SPACE VEHICLE, S-IVB STAGE
INSTRUMENTATION INSTL, STAGE
INSTRUMENTATION INSTL, STAGE
INSTRUMENTATION INSTL, STAGE
INSTRUMENTATION INSTL, STAGE
INSTRUMENTATION INSTL, STAGE
INSTRUMENTATION INSTL, STAGE
VEHICLE STRUCTURES ASSY, S-IVB
SKIRT ASSY, FWD
INSTL, T/M ANTENNA CABLE SYS
INSTL, R/S ANTENNA CABLE SYS



SATURK V {contd.)

Model Hunber
DSV=bBel-1

Bect. HNo.

1027
1030
1075
1060
1080
1090
1100
1110
1120
1130
1135
1140
1150
1160
1170

1190
1200
1205
1210
1215
1220
1221

1224
1228

1229
1230
1231
1232

Title
INSTL, T/M & R/S ANTENHAS
TANK ASSY, 102 & 1H2
THRUST STRUCTURE INSTL
SKIRT INSTL, AFT
TUNNEL INSTL, EXTERIOR
INSULATION INSTL, LH2 TANK

MARKINGS INSTL
PROPULSION SYS INSTL,. COMPLETE

ENGINE INSTL
ENGINE CHILLDOWN INSTL

ENGINE CHILLDOWN MOTORS
PNEU SYS INSTL, AUTO LEAK CHECK
MATN OXIDIZER TANK COMPONENTS INSTL
MAIN FUEL TANK COMPONENTS INSTL

PNEU INSTL, MAIN FUEL TARK RE-
PRESSURE

PREU INSTL, MATN OXIDIZER TAMK PRESS
PNEU INSTL, MAIN FUEL TANK PRESS

ELEC EQUIP INSTL, STAGE

ELEC EQUIP INSTL, FWD SKIRT
ELEC EQUIP INSTL, PANEL MID
' ELECTRONICS ASSY, P/U
POWER AMPLIFIER, F/M

CONTROL ASSY, POINT LEVEL
TRANSDUCER

ELECTRONICS ASSY, STATIC,
INVERTER CORVERTER

FIRING UNIT ASSY, RANGE SAFETY
RECEIVER, EBW

MIG ASSY, CONTROL DIST, FWD
MIG ASSY, POWER DIST, FWD
RECEIVER ASSY, RANGE SAFETY
CONTROLLER ASSY, RANGE SAFETY
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SATURN V_(contd,)

Model Rumber Sect, No. Title .

DEV-4B-1-1 1233 TRANSLATER ASSY, SINGLE SIDERAND
1234 SUBCARRIER 0SC & AMP ASSY
1235 DIGITAL DATA ACQUISITION ASSY
1236 MULTIPLEXER ASSY, PRIME-HIGH LEVEL
1238 MULTIPLEXER ASSY, BI-LEVEL
1239 DECODER ASSY, CENTRAL, CALIB

COMMAHD
1240 CALIBRATION ASSY, CENTRAL
1242 RELAY ASSY, FM/DDAS
1243 COUPLER ASSY, Bl-DIRECTIONAL
1244 DETECTOR, RF POWER
1245 TRANSMITTER, PAM/FM/FM
1246 COAXTAL SWITCH, C/0 MODULE
1247 TAPE RECORDER ASSY
1248 TRANSMITTER, SS/FM
1249 TRANSMITTER, PCM/FH
1250 DUMMY LOAD ASSY, RF, C/O MODULE
1251 MULATTPLEXER ASSY, RF
1252 POWER DIVIDER ASSY, RF, RS
1253 POWER DIVIDER ASSY, RF, T/M
1256 NETWORK EXCITATION ASSY, 5V,
INSTR

1258 BATTERY INSTL, FWD SKIRT -SV
1270 ELEC EQUIP INSTL, LH2 FWD DOME
1271 FEED-THRU INSTL, WIRING IHSTR-

LHE2 TANK
1272 FEED THRU INSTL, WIRING P. U,
1280 ELEC EQUIP INSTL, LE2 TANK
1282 SUPPORT INSTL, POINT LEVEL

TRANSDUCER, LH2 TANK
1283 PROBE TNSTL, MASS, LER TANK
1287 SUPPORT INSTL, WIRING, LH2 TANK

1290 ELEC EQUIP INSTL, LO2 TANK



SATURN V {contd.)

Model Kumber Sect. Ho, Title
DSV-4B-1-1 1470 PUMP, HYD, AUX MOTOR DRIVEW (SCD)
1510 VALVE CHECK, HYD S¥S (SCD)
1530 ACTUATOR ASSY, HYD (SCD)
1555 ACCUMULATOR RESERVOIR ASSY
1480 VALVE, RELIEF, HIGH PRESS {SCD)
1kgo VALVE, RELIEF, LOW PRESS (SCD)
1500 FILTER, HYDRAULIC, MAIN SYS (SCD)
1650 INERT PARTS INSTL, DESTRUCT SYS
1660 INERT PARTS INSTL, SEPARATION SYS
1665 INERT PARTS INSTL, S-II RETRO ROCKET
IGNITION .
1675 INERT PARTS INSTL, S-IVB RETRO ROCKET
‘. IGNITION
1680 ENVIRONMENTAL CONTROL DISTR SYS-FWD
INTERSTAGE
1690 ENVIRONMENTAL CONTROL DISTR SYS~AFT
INTERSTAGE
1700 PROPULSION SYS INS1L, AUXILIARY
1701 MAIN SUPPORT STRUCTURE INSTL
1702 PROP TANKS INSTL
1703 ENGINE PROP LINES INSTL
170k . PRESSURIZATION SYS INSTL
1705 AIR COND SYS INSTL, C-5
1706 ENGINE INSTL
1707 AUTOMATIC LEAK CHECK INSTL.
1712 DISCONNECT INSTL-AUXTLIARY
PROPULSION MOIULE
171k SUPPORT INSTL, WIRING-AUXILIARY
PROPULSION MODULE ‘
1820 ELEC DETONATOR, EBW TYFE (SCD)
’ 1825 EXPLOSIVES KIT, SHAPED CHARGE SEPARATIOH
1835 EXPLOSIVE KIT, DESTRUCT HARNESS
DSV-4B-1-10 18ko EXPLOSIVES KIT, S & A DEVICE

ISV-4B-1-12 1890 INTERSTAGE ASSY, AFT



a. Test Progression

The €enersl Test Plan for the Sgturn 8-IVB System, Douglas Report
SM-41412 provides sn overall plan for program hardware ‘testing at
Santa Monica, Huntington Beach, Sacramento, and AMR to provide a
sgtisfactory conflidence level st minimes cost. The plammed seqguencs
of testing is az fellows:

1. Research Testing

2. Development Testing
3. Qualifiestion Testing
k., Production Testing

5. Flight Testing

A certain smount of research in oryogenics; radiation effects, vacuus
enviromment, etc,, is required befores basic design decisions can be
reached. After the basic material snd processez are selected, design
development testing and qualification testing om the component and
subsystem level is initisted. '

Production testing ef flight stages begins at the compoment level and
proceeds through subsystem tés‘ting t0 complete stage checkout. '
Component testiing, therefore, begius in development testing amd pmcea&&'
through qualification testing and preduction testing. Cemponent
testing is also performed as required to support flight testing
cperations at Sacramente snd AMR,

b. Development Testing Phase

The development testing phase will provide information whick can be
spplied to the design efferi. Design wesknssses and psrformance
degradation areas are identified during this phase. These tests will
be of the breadboard type to assist in design aoﬁ;;lztioa. Najor aress
covered in this phase imclude Systems Integration Ares testing amd
Battleship tesating at SBscramente. During this phase compoments and
subsystems cepable of gemeratimg or susceptible to electiromsgnetic
ensrgy redistion will be electromagmetic compatibility tested.




Two examples of compoment testimg im this ym@ follows:

?:rwf eaé. bﬁrs't tests will be p«erf@mé en pmémti@:a sg=ples of

ell oritical hydrsulic and pmewmatic compoments to emsure structursl
integrity. AllL specimens will be tested to destrusticn im the
appropriate enviromment. Cycle tests will be performed on components
vhere structural fatigue iz s design consideration.

2. Flight Comtrols Ceomponents Testing
Development testimg will be comducted with the enginme gizbal control

system using a full-scale laboratory functiomal mockwp fixture. This
Tixture will simulate the complete engime pesitioning system as in-
stalled in the flight stage. Weights are provided to simulate engine
inertis and the cemter of gravity. Structural spring rates are
duplicated.

The test system is fully instrumented to obtain hydraulic systems fill
and bleed procedures, hydrawlic system pressure and flow charascteristics,
and dynemic data from open-loop frequency resbonse tests using both
servo actuators. System gain, stebility, and respomse characteristies
are defined using special laboratory servo test equipment.

Qu.aliﬁcation testing ef parts ; components, subassemblies, and higher
levels of sssembly is performed to ensure that the design is capeble
of meeting established requirements. Teste are designed to locate
significant failure medes and to determine the effectz of wvaried
stress levels, combinstiens of toleramces, sequences, and emviromments.

An example of componmewnt testiné in this phase followss

A rullwscalz 'bresdboard of the cmmea mz. tank pressurization
and vent subsystems are tested at oryogemic temperatures. A sowrce

of -200°F gaseous hydrogen is used to simulate the J-2 engine bleed
gupply. The vent subsystem iz tested to:

1. Substentiate the reguired pressurization system Tlow rates, and
delivery pressures and temperstures.




2. Demonstrate fell zafe operstion of the pressurization and
venting systems. )
3. Verify the vent system flov cepacity snd respomse to both
ground and "in flight™ venting commands.

d. Production Testing Phase
411 production stages, groend teat steges, support eq&iﬁmz&ty and

spare components are scceptamce tested. Functional tests are
normally conducted at room tewperatures, but sre opersted under
Tlight enviromments where such factors are critical.

Component Testing
1. Hechsnical System compoments - flmid-carrying components of the

stage hydraulic system, propulsiosn systews, suxilisry propulsion system,
and smvirommentsl comtrol sre subjected to proof amd leskage tests
which exceeds normsl system reguirememts, Operational tests are
scecomplished with functioning parts to ensure that design requirements
are met.

Flight comtrol hydramlic system compoments sre thoroughly checked
for cleanliness. ‘

The engine driven hydraulic pump is selected as< an example of
production testing requirements. The hydrauwlic pump is classified
as a critical item and bas the following environments lmposed during
production testing:

a. Structurel Testing st room temperatures.

b. Structural Testing at proof pressure.

c. Operational Testing st room temperature.

d. Operationsl Testing for leakage and flow.

e. Operationsl Testing, checking for comtamimstion semsitivity

2. Stage Elsctirical Components - all siage elecirical componsnis avre
functionelly tested and calibrated prier to installation. Testiang is
performed under room smblent comditioms. .

- EG&%'&O&
The components listed im Appendix D and B, i.e., Mechanical, Paeuwmatic

end Evdrawlic system compeonents, are nearly 100% procured items and

¥
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3.

gre DACD source tested at the vém&exn ¥oe mechanicsl and @%ﬁ%@%m
compoments when recslved st Douglas, ere rogted through the Douglas
department for clesning, testing snd packeging of compoments for liguid
oxygen and kydrogem systems prior to thelr installation on the stags

st Euntisgton Beach. The hydrsulic system compoments are roubted
through the Douglas Bydrsullc Test Stand for alr, wabter znd oll tessts
prior to imstallatios on the shage &b Euntisgton Beaok.

The stage eleciricel and slectromic cemponents that sre procured arve
Bouglas source tested gt the wendor. The Dougles fabricsted

componsnts ars tested on compoment test sets prior to their imstallation
on the stage st Euntingtom Besch. Asmy procured componsnts that are
wodifled at Douglas are tested om o componsnt test get pricr to
ingtallation on the stage. In gemersl all electrical sssewblies,
procured by Douglss or febricated by Douglss, sve tested on the
euEponent teat sets sl Beatiszton Beach pri;zsr t¢ thelr imstellatieon

on the stage.

FIOW RATE

The flow rate of stage sssesdlies would genersily follew the flow

rate of the stage iato which it assembles. A flov rate of the 8-IVE
stages is outlinmed im Figure 8, Alsc; menufacturisg asd test flow
charts of the major elsctronic sssemblies are shown in Figures 3, &

snd 5. In Figure 2 the memufacturing end sssewbly of Stage S4-201 {2001)
spans spproximetely 16 momthe. In sequence, mewafacturing of the next
stage, SA-202 {2002) begime 2 mouths after the S54-201 {2001) start date
and is completed 2 months sfter the SA-201 {2001) completion date.
Scheduling follows a similar pattern im the succecding stages. Ian
Flgure 3, selecting the P, U. Elsctrogics assenbly as s study of
sssewbly progress, it may be observed that manufacturisg and sssexbly
requires spproximstely 2 4o 3 months. One week is scheduled for checkeut
prior to the assembly being imstalisd o the stage. The next P. U,
Electronic Assesbly to be tested is schedvled spprozimately 2 4o 3
months later. This obviewsly is a very low rate ef testing.

In general all stage electrical sssesblies, mechenical and puevsds
composents; hydraulic subsystems snd modules proceed throughk a similar
sanalacturing end asserbly cvele such that they are sll scheduled fer




eperationsl checkeut and finsl sellout dm'ing an gpproximgte four
week peried just prior to their Fwd amd ATt Skirt imstallatiom
en the stage. This cycle is then repesied for each succeeding
stage.

Summerizing, the stage assexblies are all scheduled fer checkeut
during the same pericd prier to imstallation en the stage, therefore,
checkowt 1s highly concemtrated during s ore to four week peried
with a lapse of two to three months betwsen checkout perieds.

i3



¢ 34Noid

[ FIaINTOTSTV T TTWIVTWTT

W/ OLO¥E

Y Cciovs

HRY/0LOVE

PERY/0LI¥E

BN/ QLIVE

T

L o -¥8

§oci 408-VE

20CI BOB- TR

4004 BB -TE

8001 #OR ~¥E

800! SOR-¥E

008 POB~-¥8

ATNTOTSTV T TR VW37

GTN[OTSTV T

L) e

wouzweco 5 NN
Jaiesy ew we 3vhamwoe

BAYG SHB &Y X
HOLLTIMOD WNioY
HOLLTMNOD CRAVILIS A

SSINO0Nd WYHOONd

~ JT1DIH3A
NYNLYS 8AI-ASA

138



g JdNdl4

b Y mh 0B -¥E w ]
v ] (iooz) 103-v8
% prespenngarage 73\ Y T (z001) EHRLBAS TTY
g.ﬁﬂ WOLLYIYNOY ¥ ¥ RELI LOVEANOD-ENE NOPYR OL OBEMPHD
L= = — —%BWIDIE 1581 TYNO| 3 ¥ 3 ] EpoRLY - /4
# !!!!!!! e = " 2 % (VEVH 10 IR} SERIEY e/ e
z v mgu 0L -¥E @ o
amp—— ot | ¥ ] (1002) 108-¥6
/¥ 7= —goon SWILEAS T BLAN ¥ 1
A ——— TS
e G s L Ny ety i .vimi.iowa {
Nﬂm #0001} "o
< ¥ j(2008) 203-v8
?@2 ] Y1002) 108-v8
e e 7 \ ; P
Fay 1534 "o, ¥
amqiT e oo
w001} Dva .ﬂ Aft——F——FT———— N~
gy ] (2002 305-vs
- % v ] (1002) 103-v8
A e o v o s N 7 m»gv SARLGAS TV
£ A xu:%gg [ i
I8 D..lw.l..r.l ] ¥
Do o m e e e e T I
W | (8001) I
g ¥ jteooz) zoz-vs
N v ] oo 102-¥8
!!!!!!!!!! =B ¥ ]
Do e e e o NIRIRAS 183D | v
A e — - — — == B
UVYMILER BO{9 ¥ N
m : bl
M..«lm s,Mo: ‘o4 m wosh
l"loelm%u ] ma—og wE-ve
Af———— == ———r &N v
Dy — e = o — — uIWIOBIS 1631 TND | ¥
iiiiiiiiiiii “ER03dE LALG Ve || —
AUwmisa -.a:bwlll I“l MWM.HVI....! =
onwd Ae ! NNP | AVR | ¥dv | ¥vw | 834 INwr o9&l 03q AON | 100 | <435 1 onv A | oN AVt Ndv ' HVN | @34 | Ny €961

o SeSTam S anrmoe,, SS3HO0Hd WVH90Hd
T | ~228 S3MEW3SSY OINOHLOTT3 T1DIH3A HOrYW
= NYNLVS BAI-ASA

133



P 3HNOI4

1

SODE NENL 2OOS (MDLSER
(LSRR Bid ) WBBOY VBNTY SIUNOILIONED Nl

R
SRV AOILIBE
LI0A £) TIN00R A88Y KOIRUIOHD 2 & "¥iSHI

et —— s o——

ERBI (MO8
RIMINE GH4) WHEEY MBOWI ¥RMOE YU ®/L

BB CHOLLOBE
(e Gid) MBGIAIG BRMOJ W'Y ALISYE EBMYY

e ﬁ:%ﬁﬁ
e B ¢ e ) KBRIBEY YEWN00 TYRCUONGS K-%/4

E4B HOLLTEE
LAIRNR Wik} SIBRBILY AYTRY SV0/5

e OFBS INOLLIRS
- (L6 TdT USLTHEITYD P5/5

batlztmlll.}mlasug% ¥ e - ] ]

° L L

AW T uav T wvm | @33 Nwreesl 030 | AN | 100 V435 Jenv | xme Twne | avm | udv | www | @34 lwreos

ooy O . SSINO0UD WVYNOOM
e S, ¥ =2 & S3MBW3SSY DINONLIFT3 J1DIHIA HOPYY

NHNIVS 8AI-AST



§ JHNOI4

(£002) 2O0%-¥S W * ﬂ m .
{(Z00E) ROT~¥5
A== ¥ (1003} 162-vS
A oo o [N o ] (2001 SHALSAS TV
L o o e RS AS2L NOLLYOUIITEND |, ¥ w HINDIS 1531 TV
A —HERIDAB LEDL ANNOLYIIAITVND [ T d 0119 ~101§ "SHOLLIZE
A — — P— .lo"l?.ﬁ.:mnm?/u Ve P (LR L4Y) SHERIEEV TANYS GHINOLLIGHOD TYNE!s
#00¢ O¥d ]
» (2002) 202~¥S “
e — (1002) 102~¥§
gy ] (200 smaisas Ty
A o e e HIRIDBIS »mmﬁ«:or ¥ {

ST MOLLO3B
AMING L4Y RIEIY HOUAKIMLIDIC BRMOL

FBY! INOILIZR
{0 L4%) "RISFY ROLLAMNING ¥IR0S

Jh {E001) SHRLEAS TV

De o — e e ST T T ] HIWIOIAS 1331 NOLIWOILIITWID
A—em——— ~npn@pds 1831 wno| < - 1 o
D o o e v e S e e o @ T T { fivl LHO1L238
B om o e fR) o e oo e e (44v) dINGILIVERY_1_© 3 R — TR TR, < WI3GEY SUNOULOTTS MIDUTIRD MRLMDAN
e {$001} WS o e e i
~ _ ~ ~ { sapmem 28%)
(2008 TOZ-¥S
% v 1 :oos 102-vs .
AT ] (2001) SAALEAS TV
Audmozas 1531, zesot_..glz :
A7 T 77 T u3nioads isas wnd | ¢
UYRILED ¢ [T
A LA A4Y) SIGNTREY MIONINUIE
e (#GO1) "0V
oot S00Z 0% -¥S
Faany] v j t1002) 102-vs
o — N ¥ ") (2001) SHILEAS TV
* WIARIOIIS 1631 WNO | ¥ 1
NNIT 13340 4 - — — —@ — = == ¥ ) - o—
lllllllllllll NG v T K v (ude) nEA BOFI SNOLLIBE
D|l.l —— Iléngm-gga "] rlllllJ i a & e . {ANG LAY CHBEREEY BOLLABIALEE DRMINGD

BT SAr T HnE T AvW T uav T uvm | 834 TNvr 596l 030 | AON | 100 T 438 | onv | Anr | Knp | AWW | ¥dv ! uyw ! €34 | Nvr eo6t

oo o e ey O SSINO0Hd WYHOOMd

WS IRVEIRY SRINEINNNI 3

R S %2 € s3raWassy JINOMLO3 13 F10IHIA HOrVI

{G20nTOMN: LON OO Y BMIAIHS )

5 N, . & t

135



Appendix G
LISTING OF ALL TYPE A AND B GSE FOR SATURN S-IVB

1. The following is a list of Type A GSE:

Model Number Sect. Mo, Title Effectivity
DSV-LB-102 2020 PAM/FH/FM TELEMETRY COMPONENT

TEST SET 1, 2, 3
DSV-4B-103 2030 SS/FM TELEMETRY COMPOMENT

TEST SET ‘ 1, 2, 3
DSV-4B-10k 2040 TEST SET, COMPONENT, PRINTED

CIRCUIT CARD 1, 2, 3
DSV-4B-105 2050 COMPUTER, GENERAL PURPOSE 1, 2-5
DSV-4B-109 2090 SEQUENCER COMPONENT TEST SET 1, 2, 3
DSV-4B-110 2110 POWER SYSTEM ELEC COMPONENT

TEST SET 1, 2, 3
DSV-4B-111 2120 TAPE RECORDER COMPONENT TEST

SET 1, 2, 3
DSV-4B-112 2130 TEST SET, COMPONENT, P.U.
DSV-4B-115 2160 PCM/FM T/M COMPONENT, TEST SET 1, 2, 3
DSV-4B-118 2190 COMPUTER INTERFACE UNIT 1, 2, 3, b
DSV-4B-120 2210 SYS STATUS DISPLAY CONSOLE X1
DSV-4B-121 2220 TEST OPERATOR CONSOLE 1, 2, 3, b
DSV-4B-123 2240 " GROUND STATION, DDAS 1, 2, 3, k
DSV-LB-125 2260 PAM FM/FM T/M STATION 1-3
DSV-LB-126 2270 SS/FM T/M STATION 1, 2, 3
DSV-4B-127 2280 RECORDER, WIDE BAND, MAGNETIC

TAPE 1, 2, 3, b
DSV-4B-128 2290 RACK ASSY, FREQUENCY CALIB

UNIT ) 1, 2, 3
DSV-4B-130 2310 CONDITIONER, STIMULI SIGNAL 1, 2, 3, &
DSV-4B-131 2320 CONDITIONER, RESPONSE SIGHAL 1, 2, 3, 4
DSV-4B-132 2330 GSE TECT SET 1, 2, 3, &
DSV-U4B-133 ‘2340 SIGNAL DISTRIBUTION BOX 1, 2, 3, b
DSV-4B-134 2350 VEHICLE EXTERNAL. POWER RACKS 1, 2, 3, 4
DsV-4B-135 2360 VONITOR, SAFETY ITEM 1, 2, 3, &



TYPE A GSE (contd.)

Model Mumber Sect, Mo,
DSV-4B-~136 2370
DSV-4B-137 23680
DSV-4B-139 2Loo
DSV-LB~140 2k10
DSV-4B-141 2u20
DSV-4B-142 2430
DSV-4B-143 2kho
DSV-bB-144 250
DSV-4B-145 2460
DSV-L4B-146 2470
DSV-4B-147 2480
DSV-4B-148 2490
DSV-4B-149 2500
DSV-4B-150 2510
DSV-4B-151 2520
DSV-4B-152 2530
DSV-4B-153 2540
DSV-4B-154 2550
DSV-4B-155 2560
DSV-4B-156 2570
DSV-4B-157 2580

Title

" TEST SET, DESTRUCT SYS

EBW PULSE CHECKER

CARLE RETWORK KIT, AMR STAGE
C/0 AREA '

CABLE NETWORK KIT, SIA STAGE
C/0 AREA

CABLE HETWORK KIT, SM STAGE
C/0 AREA

CABLE NETWORK KIT, SACTO TEST
STAND, BETA 1

CABLE NETWORK KIT, SACTO TEST
STAND, BETA 2 '

CABLE NETWORK KIT, SACTO
CONTROL ROOM, ALL SYSTEMS,
AUTOMATIC

CABLE RETWORK, CONTROL ROOM,
ACCEPTANCE

PATCH PANEL DISTR BOX, AMR
STAGE C/O AREA

PATCH PANEL DISTR BOX, SIA
STAGE C/0 AREA

PATCH PANEL DISTR BOX, SM
STAGE C/O AREA

PATCH PANEL DISTR BOX, SACTO
TEST STAND, BETA 1

PATCH PANEL DISTR BOX, SACTO
TEST STAND, BETA 3

PATCH PAREL DISTR BOX, SACTO
CONTROL ROOM, ALL SYSTEMS-

PATCH PANEL DISTR BOX, SACTO
CONTROL ROOM, ACCEPTAKCE FIRING

RANGE TIME GENERATOR (SCD)

PAREL ASSY~CONTROL Lﬁé LOADING
COMPUTER

PANEL ASSY~CORTROL, HYDRAULIC
& GYMBAL

PANEL ASSY-HELIUM CONTROL

PANEL ASSY, CONTROL, LOX
LOADING

Effectivity

15 2;’ 33 h
1, 2, 3-5

1

X
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TYPE A GSE {contd.)

Model Humber Sect, Ho. Title Effectivity
DSV-4B-159 2600 RACK ASSY, CONTROL SWITCHIRG 1
DSV-4B-160 2610 . RACK ASSY, UMBILICAL JUNCTIOE

BOX 1
DSV-4B-161 2620 RACK ASSY, PATCH PANEL,

JUNCTION BOX 1
DSV-4B-162 2630 PANEL ASSY, VEHICLE SYS POWER 1
DSV-4B-163 2640 PANEL ASSY, CONTROL, ENGINE

FIRING 1
DSV-L4B-16k 2650 PANEL ASSY, ENGIFNE TEST

COMPOWENTS . 1
DSV-kB-165 2660 CABLE BETWORK KIT, BLOCKHOUSE,

B/SHIP 1
DSV-4B-166 2670 CABLE NETWORK KIT, TUNMEL,

B/SI-E[P 1
DSV-4B-167 2680 ;[’WOI&{ KIT, TEST STARL,

B/SHTEP 1
DSV-4B-168 2690 RACK ASSY, EXTERNAL, POWER

Fo. 1 1 .
DSV-LB-232 2696 CONSOLE, CONTROL, T/M SYS 1, 2, 3, k&
BSV-4B-233 2699 - CONSOLE, CONTROL, REMOTE

PNEUMATIC 1, 2, 3, &
DSV-4B-234 2702 CONSOLE, CONTROL, DIGITAL PROP

SYS - . 1, 2, 3, b
DSV-4B-235 2705 CONSOLE, CONTROL, MANUAL PROP

. SYS 1

DSV-4B-236 2708 COMSOLE, CONTROL, ELEC NETWORK 1
DSV-4B-237 2711 CONSOLE, CONTROL, MECH SYS
DSV-4B-238 271k CONSOLE, DISPLAY, PROP S¥S 1, 2, 3, b
DSV-4B-239 2717 CONSOLE, DISPLAY, ELEC NEIWORK 1, 2, 3, k
DSV-4B-2L40 2720 CONSQLE, DISPLAY, T/M SYSTEMS 1
DSV-4B-241 2723 COHSOLE, DISPLAY, MECH SYSTEMS
DSV-4B-243 2726 PROPELLAKT LOADING SET, AUTO-

MATIC 1
DSV-4B-24T 2739 PANEL ASSY, DIGITAL WLMTER

& Pc ‘GO 1

DSY.-4B-2L8 27h1 P/U SYSTEM CALIBRATION UNIT 1
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TYPE A GSE {contd.)

Model Humber

DSV-4B-249

DSV-U4B-250
DSV=4B-251
DSV-4B-252
DSV-L4B-253

DSV-UB-267
DSV-UB-268
DSV-UB-269
DSV-4B-270
DSV-4B-27T1

DSV-UB-276
DSV-LB-2T7
DSV-4B-278
DSV-4B-279

DSV-4B-280

Ject. Ho.

27Thh

aTht
2750
2753
2756

2798
2801
280k
2807
2810

2853
2828
2831
283k

2835

Title Effectivity
PANEL ASSY, CONTROL, q-ng/(me 1
INVERTER POWER SUPPLY, GROURD 1
GIMBAL POWER SUPPLY
TEST SET, TRANSMITTER 1
DISTRIBUTION COMPLEX,

AUXILIARY SIGNAL 1,2, 3, &
SUBSTITUTE, INSTRUMERT UNIT 1, 2, 3, b
SUBSTITUTE, S-II 1, 2, 3, b

SUBSTITUTE, S-1B
SUBSTITUTE, S-1C

PANEL ASSY, CHILLDOWH INVERTER
CONTROL 1l

WEIGHT & BALANCE KIT,
ELECTRONIC - AMR

WEIGHT & BALANCE KIT,
ELECTRONIC - A3

GROUND STATION, PULSE CODED

2. The following is a list of Type B GSE:

Model Humber Sect, No.
DSV-L4B-300 3500
3503
DSV-4B-301 " 3510
DSV-4B-302 3520
DSV=-4B-303 3530
DSV-4B-304 3540
DSV-UB-305 3550

MODULATION
INSTRUMENTATION C/O UNIT,
VEHICLE
MULTIPLEXER & C%IBRATOR
COMPONENT TEST SET 1-3
Title Effectivity

DOLLY TRANSPORTER, S-IVB STAGE,
GROUND 1, 2

ELEC EQUIP INSTL, TRANSPORTER,

S-1VB :
CRADLE, TRANSPORTER, S-IVB
STAGE GROUND 1-6, T=9
HANDLYMG XIT, STAGE 1-6, T7-10
HOIST KIT, ¥WD & A¥T 1, 2
TIEDOWH KIT, PROTECTIVE,
TRANSPORT 1-b
TOOL KIT, SPECIAL 1-6, T-10

139



TYPE B GSE {contd.)

Model Number Sect. Wo, Title Effectivity
DSV-4B-306 3560 COVER, PROTECTIVE, SMALL ARMS 1, 2
DSV-LB-307 3570 HANDLING KIT, FLARED AFT
INTERSTAGE 1-4
DSV-4B-308 3600 ACCESS XI7, FUEL TANK INTERIOR 1, 2, 3,
3602 FIXTURE, LIGHTING
3603 FLOODLIGHT ASSY, FUEL TARK
. INTERIOR
DSV-4B-309 3610 COVER, PROTECTIVE, FWD SKIRT EMD 1, 2
3611 AIR DUCT XIT
DSV-4B-310 3620 ACCESS XIT, VERTICAL, FWD
SECTION 1-3, k-6, 7-9
DSV-1B-311 3630 ACCESS KIT, VERTICAL, AFT
SECTION i, 2
DSY-L4B-312 3660 HANDLING KIT, RETRO ROCKET 1-3
DSV-4B-313 3670 UMBILICAL KIT, AFT, STATIC
TEST STAND 1, 2
3671 INSTL KIT, PROP & PNEU LINES-
AFT UMBIL, SACTO T/S II
DSV-4B-31L 3680 UMBILICAL XIT, FWD, STATIC
TEST STAND 1, 2
3681 INSTL KIT, VENT LINE GH,, FWD
UMBIL, SACTO T/S II
DSV-4B-315 3690 UMBILICAL KIT, AFT, LAUNCHER 1, 2, 3
3691 INSTL KIT, PROP & PHEU LIHES-
AFT UMBIL LAUNCHER
3693 CYLINDER, UMBILICAL
DSV-4B-316 3700 UMBILICAL KIT, FWD, LAUNCHER 1, 2, 3
3701 INSTL KIT, VENT LINE, FWD
UMBIL, LAUNCHER
DSV-4B-317 3710 DUAL VERTICAL CHECKOUT STAND 1 .
DSV-4B-318 3720 GAS HEAT EXCHANGER, (SCD) 1, 2, 3
3723 ELEC EQUIP INSTL, GAS HEAT
EXCHARGER -
DSV-4B-319 3730 OPERATIONAL PNEU CONSOLE "A"
AUTOMATIC 1, 2, 3
3731 CABINET, PNEU CONSOLE "A"
AUTO
3733 ELEC EQUIP INSTL, PHEU

CONSOLE "A"
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TYPE B GSE {contd. )

Model Number Sect. No-. Title Effectivity
DSV-L4B-321 3750 VEHICLE CHECKOUT PNEU CONSOLE 1, 2
3751 CABINET, VEHICLE C/0 PNEU
CONSOLE
3753 ELEC EQUIP INSTL, VEHICLE
CHECXOUT, PMKU CONSOLE
DSV-4B-322 3760 OXIDIZER SERVICER, MOBILE-AUX
PROP SY5 1
3761 TANK ASSY, MOBILE SERVICER
3762 TAMK ASSY, MOBILE SERVICER
3764 CABINET ASSY, MOBILE SERVICER
3764 SYS INSTL, PROP, MOBILE SERVICER
3765 SYS INSTL, PHEU, MOBILE SERVICER
3766 ELEC INSTL, MOBIL} SERVICER =
3767 CHASSIS ASSY, MOBILE SERVICER
DSV-4B-323 3770 FUEL SERVICER, MOBILE - AUX PROP
SYs 1
3771 TANK ASSY, MOBILE SERVICER
3772 TANK ASSY, MOBILE SERVICER
3773 CABINET ASSY, MOBILE SERVICER
37Th SYS INSTL, PROP, MOBILE
SERVICER
3775 SYS INSTL, PHEU, MOBILE SERVICER
DSV-4B-323 3776 ELEC INSTL, MOBILE SERVICER
3777 CHASSIS ASSY, MOBILE SERVICER
" DSV-LB-32L 3780 ALIGFMENT XIT, ENGINE 1, 2, 3
DSV-kB-325 3790 FIXTURE, ENGINE ACTUATOR
ADJUSTMENT 1, 2, 3, & 5
DSV-4B-326 3800 ENVIRONMENTAL CONTROL SYS, AFT
INTERSTAGE, SACTO - 1, 2
DEV-U4B-327 3820 OPERATTIOHAL & TEST STAND C/0
PNEUMATIC CONSOLE "A" , 1
3821 CABINET ASSY, PHEUMATIC
mow 11 A"
3822 CABINET, PHEUMATIC EQUIP
3823 ELEC EQUIP INSTL, PNEUMATIC
CONSOLE "A"

ik



TYPE B GSE {contd, )

Model Humber Sect, No. Title Effectivity
382k TRANSTUCER, TEMP
DSV-4B-~328 3830 OPERATIOHAL & TEST STAWD C/0
PNEUMATIC CONSOLE "C" 1
3831 CABINET ASSY, PHEUMATIC A
CONSOLE "C"
3832 CABINET, PNEWMATIC EQUIP
3833 ELEC EQUIP INSTL, PNEUMATIC
CONSOLE "¢"
383k TRANSDUCER, TEMP
DSV-hB-329 3840 CHECKOUT ACCESSORIES KIT 1
DSV-4B-331 3860 VALVE CONTROL, 1O, COMPLEX 1, 2
3863 ELEC EQUIP INSTL, L0, VALVE
CONTROL COMPLEX
DSV-LB-332 3870 LH, VALVE CONTROL CQMPLEX 1, 2
3873 ELEC EQUIP INSTL, LH, VALVE
CONTROL, COMPLEX
DSV-4B-333 3890 OPERATIONAL & TEST STAND C/0 .
PNEU CONSOLE "B" 1
3891 CABINET ASSY, PNEUMATIC
COHSOLE "B"
3892 CABINET, PNEUMATIC EQUIP
3893 ELEC EQUIP INSTL, PNEU
CONSOLE "B"
3894 TRANSDUCER, TEMP
DSV-4B-334 3900 INSTL KIT, VENT LINE CE, UMBTL~
: SACTO 1
DSV-LB-335 3910 THSTL KIT, PROP & PNEU LINES -
SACTO 1
DSV-4B-336 3920 TOOL KIT, PROP SYS MAINTENWANCE 1
DSV-4B-337 3930 STAGE WEIGHT XKIT, VERTICAL 1, 2
DSV-4B-338 3935 WEIGHT AND BALANCE KIT, FLARED
AFT TNTERSTAGE 1, 2
DSV-4B-339 39%0 ALIGNMENT KIT, STAGE AFT SKIRT  1-3
DSV-4B-3k0 3945 ALIGNMENT KIT, INTERSTAGE TO
S-II 1-3
DSV-4B-341 3950 HANDLING KIT, ULLAGE AND
ATTITUDE CONTROL MODULE 1-3

DSV-UB- 342 3955 HANDLING KIT, S-IT RETRO ROCKET 1
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TYPE B GSE {contd. )

Model Bumber Sect., No.
DSV-4B-34h 3970
DSV-UB-345 3983
DSV-4B-346 3997
3998
DSV-L4B-34T kool
Loo2
DSV-4B--348 Loo6
LooT
DSV-L4B-349 Loog
DSV-4B-350 3960
DSV-4B-351 3975
DSV-LB-352 3980
DSV-4B-353 3986
3987
3988
. DSV-4B-35k4 3989
3990
3991
DSV-4B-355 3992
3993
3994

Title

HANDLING SLING, ATTITUDE CONTROL
MOTULE 1, 2

WEIGHT & BALANCE KIT, STAGE 1, 2

UMBILICAL KIT, AFT, CHECKDUT
STAXD

INSTL KIT, PROP & PNEU LINES,
AFT UMBIL, C/O STAND

UMBILICAL KIT, FWD, CHECKQUT
STAND

1-k

INSTL KIT, VENT LINES-FWD
UMBIL, C/O STAND

ACCESS XIT, LOX TANK INTERIOR . 1-3

ELEC EQUIP INSTL, 10, TANK
INTERTOR

HANDLING KIT, ENGINE

HANDLING KIT, SOLID ULLAGE
ROCKET

WEJGHT AND BALANCE KIT, CONSTANT
AFT INTERSTAGE

HANDLING KIT, CONSTANT AFT
JITERSTAGE

UMBILICAL KIT, AFT, LAUNCH
COMPLEX 34

ELECT, INSTL

INSTL KIT, PROP & PNEU LINES-
AFT UMBIL, LAUNCH COMPLEX 3k

UMBILICAL KIT, FWD, LAUNCH
COMPLEX 3k

ELECT INSTL

INSTL KIT, VENT LINE, FWD
UMBIL, LAUNCE COMPLEX 3k

UMBILICAL KIT, AFT, LAUNCH
COMPLEX 3T7A

ELECT INSTL

INSTL KIT, PROP & PHEU LIKES-
AFT UMBIL, LAUNMCH COMPLEX 3TA

153

Effectivity



TYPE B GSE {contd.)

Model NMumber Sect. Vo, Title Effectivity
DSV-4B-356 3995 UMBILICAL KIT, FWD, LAUNCH ,
COMPLEX 37A 1
3996 ELECT INSTL
3999 THSTL KIT, VENT LINE-FWD
UMBIL, LAUNCH COMPLEX 3TA
DSV-4B-35T Loo3 ACCESS XIT, VERTICAL CONSTAWT
AFT SECTION - 1, 2
DSV-4B-358 Lo10 PUMPING UNIT, EYDRAULIC 1-3, b 5
DSV-4B-358 ko1 ELEC EQUIP INSTL, HYD PUMP-
ING UNIT f
DSV-4B-372 LoT6 CONTROL ASSY, VALVE COMPLEX,
FUEL, AUX PROP SYSTEM
4078 BOX, VALVE
LoT9 ELEC EQUIP OXIDIZER AND FUEL
VALVE COMPLEX, AUX PROP SYSTEM
4083 BOX, VALYE A
DSV-LB- 37k Lo86 CONTROL ASSY, DISTR COMPLEX,
PNEUMATIC, AUX PROP SYSTEM
Lo8T ELEC EQUIP, FHEUMATIC DIS-
TRIBUTION COMPLEX, AUX PROP
SYSTEM
4088 CABINET, PHEUMATIC DISTRIBUTION
COMPLEX, AUX PROP SYSTEM
DSV-UB- 375 Logl CO¥TROL ASSY, REGULATION COMPLEX,
PHEUMATIC, AUX PROP SYSTEM
Log2 ELEC EQUIP, PHEUMATIC AUX PROP
SYSTEM, REGULATION COMPLEX
4093 CABINET, PNEUMATIC REGULATION
COMPLEX, AUX PROP SYSTEM
DSV-4B-396 4195 AFT UMBILICAL KIT, C/O STAND,
AMR, LOW BAY : ' 1, 2
- DSV-4B-397 4200 FWD UMBILICAL KIT, C/0 STAND,
,  AMR, LOW BAY 1, 2
DSV-4B-398 4205 AFT UMBILICAL KIT, C/0 SYSTEM
INTEGRATION LAB, A3 1X
4206 CABLE ASSY, AFT UMBILICAL
KIT, SIL - A3
DEV-4B-399 4210 FWD UMBILICAL XIT, C/0 SYSTEMS
INTEGRATION IAB, A~3 1X
L2l CABLE ASSY, FWD UMBILICAL

XIT, SIL-A3




